| NCH- POUND

M L- HDBK- 1165
7 April 1997

M LI TARY HANDBOOK

WATER CONSERVATI ON

AVBC N A AREA FACR

DI STRI BUTI ON STATEMENT A.  Approved for public rel ease;
distribution is unlimted.




M L- HDBK- 1165

ABSTRACT

Wat er conservation, maximzing the efficient use of water
resources, is rapidly becomng a critical part of many mlitary
operations as nore and nore demands are placed upon existing

wat er supplies. In order to remain a good nei ghbor and preserve
the environnment in which we |live, engineers throughout the
Department of Defense are frequently called upon to reviewthe
beneficial use of their water resources. This mlitary handbook
provi des nunmerous nethods to increase water efficiency and
details the requirenents of Executive Order 12902 as it rel ates
to water conservation within the Departnent of Defense. In

addi tion, this handbook al so includes, in its appendices,
procedures for submtting water conservation projects for central
fundi ng prograns.
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FOREWORD

Thi s handbook is designed to provide guidance to the installation
energy or facilities manager and project designers in the area of
wat er conservation. This handbook is intended to assi st
installations in reducing their water consunption and thereby
assist in conplying wwth the provisions of Executive Oder 12902.

Reconmendati ons for inprovenent are encouraged fromwthin the
Navy, other governnent agencies, and the private sector and
shoul d be furnished on the DD Form 1426 provided inside the back
cover to Commander, Naval Facilities Engi neering Command, Code
161B, 1510 G lbert Street, Norfol k, VA 23511-2699, phone (757)
322-4625.

DO NOT' USE TH S HANDBOOK AS A REFERENCE | N A PROCUREMENT DOCUMENT
FOR FACI LI TIES CONSTRUCTION. I T IS TO BE USED | N THE PURCHASE
AND PREPARATI ON OF FACI LI TI ES PLANNI NG AND ENG NEERI NG STUDI ES
AND DESI GN DOCUMENTS USED FOR THE PROCUREMENT OF FACI LI TI ES
CONSTRUCTI ON ( SCOPE, BASI S OF DESI GN, TECHNI CAL REQUI REMENTS,
PLANS, SPECI FI CATI ONS, COST ESTI MATES, REQUEST FOR PROPCSALS, AND
| NVI TATION FOR BIDS). DO NOT REFERENCE IT IN M LI TARY OR FEDERAL
SPECI FI CATI ONS OR OTHER PROCUREMENT DOCUMENTS.



M L- HDBK- 1165

(THI'S PAGE LEFT | NTENTI ONALLY BLANK)



NISISTSTSISISESISISININS
OOOUITRARWNNNNRRE

=}
w

Sectio

WWWWWWWWWwwWwwwwwww
WWNRRRRRRRRRRRRRR

Section 4

4.2

TARPOWWWRWNE R

ArWNPRF N

N

M L- HDBK- 1165

WATER CONSERVATI ON

CONTENTS

Page
| NTRODUCTI ON
SCOPE . o e 1
Applicability ... . . 1
Cancellation ....... ... .. . . . . . i 1
WATER - AN OVERVI EW
Wat er Conservation - The Law of the Land ...... 3
Executive Order 12902 ......... ... ... . ... ... .... 3
Environnental Conpliance ...................... 3
A New Qutl ook on Water ........................ 5
Water Availability ....... ... ... .. .. .. ... ... ... 5
VWater Facts ........ .. 6
Wat er Conservation Benefits ................... 6
Wat er Usage in the Federal Governnent ......... 6
Typical Water Uses ........ ... .. ... 9
Typical Water Abuses ............ ... ..., 9
Water CosStsS ... .. 10
Total and Margi nal Costs of Water ............. 11
WATER CONSERVATI ON PLANNI NG
Devel oping a Water Conservation Plan .......... 13
Step 1 - Analyze Water Usage .................. 13
The Prioritization Survey ..................... 13
The Facility Water Audit ...................... 13
Step 2 - Develop Water Use Forecasts .......... 16
Step 3 - Explore Options ...................... 16
Long Term- vs - Short TermReliability ....... 16
Capability-Building ........... ... .. .. ... ...... 16
Avoid Lost Opportunities ...................... 16
Social Acceptability ....... .. ... .. .. .. ... ..... 17
Step 4 - Analyze the Benefits and Costs ....... 17
COSt S . 17
Benefits ... . . 17
Step 5 - Develop Long-TermPlan ............... 18
Drought Managenment Plan ....................... 18
Publ i ¢ Education and Involvenment .............. 18
Public Information ............................ 19
WATER CONSERVATI ON OPTI ONS: SUPPLY
Introduction ......... .. .. . . . . . .. . 20
Water Wells and Treatnent Plants .............. 20

\'



PR
QN

o
@
O
—
o
S

U1.0101 01 0101 01 01 01 01 01 01 01 01 01 01 0101 01 01 01 01 01 01 0T 010101 01 01 01 01 01 01 01 01 01 01 01 0
NRNRNRRNRRPNNNNNNNNNNNNNNNNRNRNRNRNNNNNNNNNN NN B
NNNNNNOOOOOOUNINTARRARRRWWWWRONNNNNNE e

G WNE

(62

OGhWNEF OGhWNEF GhWNE

= G WNE

G WNE

M L- HDBK- 1165

Leak Detection Programs .......................
VBt eriNg ..o
Pressure Reduction ........... ... .. .. ... .......

WATER CONSERVATI ON OPTI ONS: END USE

Introduction ....... ... .
Ofice Facilities and Residential .............
Toil et s ..
Conventional and Water-Efficient ..............
Oper ati on and Mai ntenance Procedures ..........
Retrofits ...
Replacenments .......... .. . . .. .
Problens and Pitfalls ............... .. .. ......
Urinal s ...
Conventional and Water-Efficient ..............
Oper ati on and Mai ntenance Procedures ..........
Retrofits ...
Replacenments ........ ... .. . . . .
Problens and Pitfalls ............... .. .. ......
Showerheads .. ........ .
Conventional and Water-Efficient ..............
Oper ati on and Mai ntenance Procedures ..........
Retrofits ...
Replacenments .......... .. . . .. i
Problens and Pitfalls ............... ... . ......
Faucet s . ... .. e
Conventional and Water-Efficient ..............
Oper ati on and Mai ntenance Procedures ..........
Retrofits ...
Replacenments ........ ... .. . . .. i
Problens and Pitfalls ................ ... ......
Chilled Drinking Fountains and |ce Machines ...
Replacenments ........ ... .. . . .. i
Washing Machines ........ ... .. .. . . .. ...
Conventional and Water-Efficient ..............
Oper ati on and Mai ntenance Procedures ..........
Retrofits ...
Replacenments ........ ... .. . . .. i
Problens and Pitfalls ............... .. .. ......
Di shwashers .. ... .
Conventional and Water-Efficient ..............
Oper ati on and Mai ntenance Procedures ..........
Retrofits ...
Replacenments .......... .. . . . . i
Problens and Pitfalls ............... ... ... .....

Vi




GOOOOIGIGIGIIIOIOT 111101010101 010101010101 U001 0101 01 01 01 01 01 01 0101 01 01 01 01
PRRRRRARARARARARAD PRRNNWNWWWWWWWWWWWNNRRRRRLWWWNNNNRN

[ —

©o©o®
WN -

GOOOIOTOUARRRBWONNNNNE R R e

OO WNE

NN ERREEREER

ArWN PR

= ArWNPEF

ArWNPEF

O~NOYOUITRWN R

WN -

M L- HDBK- 1165

Garbage Disposals ......... ... ... . .. ... .. ...
Water Softeners ........ ... . . . . . . ... .
Oper ati on and Mai ntenance Procedures ..........
Replacenments ........ ... .. . . ..
Problens and Pitfalls .........................
I ndustrial Operations .........................
Washrack Cleaning Facilities ..................
Conventional and Water-Efficient ..............
Oper ati on and Mai ntenance Procedures ..........
Retrofits ... ... . . .
Wat er Recycling, Reclamation, and Reuse .......
Plating Facilities ........ ... .. .. .. . . . .. ...
Conventional and Water-Efficient ..............
Oper ati on and Mai ntenance Procedures ..........
Retrofits ... ... . . .
Wat er Recycling, Reclamation, and Reuse .......
Metal Cleaning Facilities .....................
Wat er Recycling, Reclamation, and Reuse .......
Pai nting/Paint Stripping Facilities ...........
Conventional and Water-Efficient ..............
Oper ati onal and Mai ntenance Procedures ........
Replacenments .......... .. . . .
Wat er Recycling, Reclamation, and Reuse .......
Industrial Laundries ............... ... ........
Conventional and Water-Efficient ..............
Oper ati on and Mai ntenance Procedures ..........
Retrofits ... ... . . .
Replacenments .......... .. . . . i
Wat er Recycling, Reclamation, and Reuse .......
Problens and Pitfalls .........................
HVAC Equi pment ... .. ... .. e
Cooling Towers, Evaporative Cool ers, and

Once- Through Cooling Systenms ..................
Conventional .......... .. . . . . .. ...
Oper ati on and Mai ntenance Procedures ..........
Retrofits ... ... . . .
Replacenments .......... .. . . . i
Chem cal Additives ....... ... ... . .. ... ..
Qzone Injection ....... . .. ..
Wat er Recycling, Reclamation, and Reuse .......
Magnet s/ El ectrostatic Field Generators ........
Water Heaters ......... . . . i,
Conventional and Water-Efficient ..............
Oper ati on and Mai ntenance Procedures ..........
Retrofits ... ... . . .




M L- HDBK- 1165

Page
5.4.2. 4 Replacenments ........ ... .. . . . i 63
5.4.3 Boil ers and Steam Generators .................. 64
5.4.3.1 Oper ati on and Mai ntenance Procedures .......... 65
5.4.3.2 Retrofits ... ... . . . . 65
5.4.3.3 Replacenments ........ ... .. . . .. 65
5.4.3. 4 Chemcal Use ....... ... ... .. . . .. i 65
5.4.3.5 Wat er Recycling, Reclamation, and Reuse ....... 65
5.5 Medical Facilities ...... ... ... . ... .. . . .. ... .... 66
5.5.1 X-ray Equipment ........ .. .. ... 66
5.5.1.1 Oper ati on and Mai ntenance Procedures .......... 66
5.5.1.2 Retrofits ... ... . . . . 66
5.5.1.3 Wat er Recycling, Reclamation, and Reuse ....... 66
5.5.2 Sterilizers and Autoclaves .................... 66
5.5.2.1 Oper ati on and Mai ntenance Procedures .......... 67
5.5.2.2 Retrofits ... ... . . . 67
5.5.2.3 Replacenments ......... . .. . . .. i 67
5.6 Irrigation and Landscaping .................... 67
5.6.1 Oper ati on and Mai ntenance Procedures .......... 67
5.6.2 Retrofits ... ... . . . 68
5.6.3 Replacenments .......... .. . . . 68
5.6.4 Xer T SCaAPE . . it it 69
5.6.4.1 Planning and Design .............. ... . ... ...... 69
5.6.4.2 Limted Turf Area .......... ... .. ... ... 70
5.6.4.3 Efficient lrrigation ........... .. .. .. ......... 70
5.6.4.4 Soil Inprovements ........ ... .. .. . ... 70
5.6.4.5 Use of Miulches ....... ... . . . .. . . . . .. . . . . ... ... 70
5.6.4.6 Use of LowWater-Demand Plants ................ 73
5.6.4.7 Appropriate Maintenance ....................... 73
5.6.4.8 Wat er Recycling, Reclamation, and Reuse ....... 73
5.6.5 Graywat er . ... ... 73
5.6.6 Subsurface lrrigation .......... .. ... .. ........ 74
5.6.7 Rai nwater Catchnent ........... ... ... ... ........ 75
5.7 Swnmng Pools and Spas ....................... 75
5.7.1 Conventional and Water-Efficient .............. 75

Section 6 WATER CONSERVATI ON OPTI ONS: DI SPOSAL
6.1 Sewage Treatment ............ ... .. . ... ... 76
6.2 Wat er Recycling, Reclamation, and Reuse ....... 76
6.2.1 Types of WAstewater ............. ... .. .. ... ..., 76
6.2.2 Retrofits ... ... . . . 77
Section 7 WATER CONSERVATI ON SUPPORT

7.1 Software Programs ............ ... 79
7.1.1 FEDS . . .. 79
7.1.1.1 Vendor Information ............................ 79

Viili



NNNNANANA
RPRRRRRP

COOOOORRNNPPUT TABWWNN
= =

NNNNNNNNNNNNANNNNNNA
arwWN R

WWwwWwwwNEREREEREREERREERERERE

ArWN PR

APPENDI X A
APPENDI X B
APPENDI X C
APPENDI X D
APPENDI X E

APPENDI X F

Figure 1

M L- HDBK- 1165

L VNRAPS . . .
Vendor Information ............... .. ......
WATERGY . . .o
Vendor Information ............... .. ......
VAVE- Saver ... ... ..
Vendor Information ............... .. ......
Wat er Managenent Tool for Federal Ofice

Buildings ........ .. .. . .
Vendor Information ............... .. ......
Leak Audit ......... . . . ..
Vendor Information ............... .. ......
Resi denti al Water Conservation Techni ques
Vendor Information ............... .. ......

VELP ..
Vendor Information .......................
AWM Software ........... ...
WATERNET . . . .
Wel | System Manager Software .............
VWALTER . . .
Meter Inventory Software .................
Vendor Information .......................
Internet Sites ......... ... .. ...
Additional Reading .......................
American Water Works Association .........
Rocky Mountain Institute .................
Envi ronnmental Services Departnent ........
O her Publications .......................
APPENDI CES
Executive Order 12902 Sunmary ............
Water Audit Survey Fornms .................

Arnmy Specific Program Resources and POC s . ...
Navy Specific Program Resources and POC s ....

Air Force Specific Program Resources

and POC s .. ... .
Marine Corps Specific Program Resources
and POC s .. ... .

FI GURES

Fl omchart of the Requirenents of EO 12902
for Water Conservation ...................

i X

Page
79
80
80
80
80
81

81
81
81
82
82
82
82
82
83
83
83
83
83
83
83
84
84
85
86
86

88
90
101
103

113

117



Fi gure
Fi gure

Fi gure
Fi gure

Fi gure

Fi gure
Fi gure
Fi gure

Fi gure

Fi gure
Fi gure
Fi gure

Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure

Fi gure

REFERENCES

D Oabrh W N

O 00~

10

11
12
13

14
15
16
17
18
19
20
21

22

GLOSSARY

M L- HDBK- 1165

Page
Rol es of Key Agencies in Water
Conservation ........ ... 4
Typi cal Water Usage at Mlitary
Installations ......... ... .. .. . . . . .. . .. .. ... 7
Typi cal Water Usage in Famly Housing ......... 8
Typi cal Water Usage in Oficel
Adm nistration Buildings ...................... 9
Aver age Cost of Water (FY93) for Sel ected
St eSS . 10
Mar gi nal Costs and Total Costs of Water ....... 12
General Parts of a Water Audit ................ 14
Potential Water Savings for Various
Plumbing Fixtures ....... ... ... .. .. .. . ... 23
Wat er Usage Rates of Bat hroom Pl unbi ng
Fi XtUres ... 24
Water Lost Through Leaks ...................... 26
Washrack Water Requirenments ................... 39
Two Types of Washrack Water Recl amation
SYSteMB . . . 41
Drain Board and Drip Bar ...................... 45
Two Types of Spray Booths ..................... 52
| ndustrial Laundry Water Quality .............. 55
Typi cal Cooling Tower QOperation ............... 57
Typi cal Natural Gas Water Heater .............. 64
Drought Tolerant Plants ....................... 71
Sanple Yard Xeriscape .......... ... 74
Typi cal Graywater Piping and Distribution
SySt em . .. 78
Water Related Sites on the Internet ........... 84
.............................................. 120
.............................................. 123



M L- HDBK- 1165

Section 1: | NTRODUCTI ON

1.1 Scope. This handbook provi des conprehensive gui dance
to the facility engineer in the area of water conservation.
Nuner ous ideas of potential water conserving technol ogies are
presented along with avenues of funding for such projects.
Executive Order 12902, as it relates to water conservation, is
di scussed and gui dance is provided for establishing water
conservation prograns at mlitary installations. Additionally,
t he appendi ces include detailed provisions for devel opi ng and
subm tting water conservation projects to higher headquarters for
appropriate funding. This handbook is for guidance only. This
handbook cannot be cited as a requirenent. |If it is, the
contractor does not have to conply.

1.2 Applicability. This handbook is applicable to al
mlitary shore installations. Wile not every water conservation
measure presented in this handbook may be applicable at every
mlitary installation, the overall guidance and prograns
presented will be applicable. Overseas handbook nay be
applicable at every mlitary installation, the installations are
cautioned to review their host nation agreenents to determne if
t he conservation neasures discussed in this handbook can be

i npl enent ed.

1.3 Cancel l ation. This handbook is new. No existing
manual s or handbooks have been superseded or canceled by this
publ i cati on.
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Agency and facility water
manager conduct prioritiza- [ Conpl ete by Sep 95
tion survey for each of its
facilities.

Agency chooses the audit
order fromprelimnary
results of the
prioritization survey.

Agency inplenments a 10 year
plan to obtain audits on |-
all its facilities,

conpl eting 10% per year.

(Conpl ete first 10% by Mar 95)

An audit is current if
it was conpleted within
3 years of EO 12902.

Does a cur-
rent audit
exi st?

No Yes
I
i . 2
Conduct Audit Begi n i npl enenti ng cost By Wen?
. Sep 95
effective neasures.
| mpl ement cost  fonn By Wien? Wthin 180 days
ef fecti ve neasures. fromaudit conpletion date.
DEFI NI TI ONS:

Agency - an adm nistrative division of the US government with
specific functions and facilities under its control.

Fecility - a structure or grounds, owned or |eased by any
Federal agency of the United States.

Cost Effective - providing a payback in I ess than 10 years,
pursuant to 42 U.S.C. 8254 and 10 CFR 436.

Figure 1
Fl owchart of the Requirenents of EO 12902 for Water
Conservation

2
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Section 2: WATER - AN OVERVI EW

2.1 Wat er Conservation - The Law of the Land

2.1.1 Executive Order 12902. In March of 1994, Executive
Order (EOQ 12902 was issued as a followup to the Energy Policy
Act of 1992. EO 12902 states that all federal agencies are to
take specific actions to conserve energy and water at their
facilities. The Executive Order mandates that agencies within
t he federal governnment reduce energy consunption in federal
bui | dings by 30 percent from 1985 | evels by the year 2005.

Al t hough the requirenents described for energy conservation are
nore detailed, EO 12902 provides inclusive requirenents for water
conservation. Figure 1 shows a flowchart presenting the
requirenents in a step-wi se fashion. Appendix A contains a
summary of EO 12902 as it applies to water conservation

Fortunately, EO 12902 al so states how agencies and you
the facility water manager, are to be assisted by the Departnent
of Energy (DCE) and the CGeneral Services Adm nistration (GSA) in
conpl eting the above daunting tasks! The role of DCE is to take
the lead in inplenmenting EO 12902 t hrough the Federal Energy
Managenent Program (FEMP). The FEMP office was established within
DCE over a decade ago to facilitate inprovenent of energy and
wat er conservation practices anong federal agencies, and to
coordi nate and support the devel opnent and application of tools,
techni ques, and strategies to inprove energy and water efficiency
in the federal sector. According to the Executive Order, DCE
GSA, and each Federal facility has its own unique role in
i npl enenting water conservation. Figure 2 shows the duties of
DOE, GSA, each Service s Lead Agency, and each Federal facility
in federal energy and water nanagenent.

In addition to conserving water used in existing
facilities, water conservation techni ques should al so be applied
to the design of new facilities. Project designers should
consi der the water conservation options discussed in Sections 4
through 6 and inpl enent those which are cost effective.

2.1.2 Envi ronmental Conpliance. Saving dollars and energy is
not the only reason that water conservation is inportant. Wter
is acritical, life sustaining resource and its use, or abuse,

af fects the surrounding environnent. As water supplies decrease,
the need to conserve water to protect the environnment increases.
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Department of Energy

é | nplenent EOL2902 t hrough FEMP. account managers to each agency.
é Develop indicators of water é ldentify advanced technol ogi es.
efficiency, usage and cost. é Provide guidance on retiring

é Prepare report on issues of ol der water using equi pnent
instituting life cycle (with GSA).
anal ysi s. é Provide guidance on
é Assist agencies in elimnating é \Water and evergy consunption
procurenment barriers to and saving rel ati onshi ps.
i mpl enenting EO 12902. é Latest water conservation
é Assist services to identify and fundi ng met hods.
i npl enent water conservation ¢ List of national water
opportunities. servi ce compani es.
é Encourage water consrevation in ¢ |nformation on capabilities
federal facilities (with GSA). and technol ogy through
¢ Develop programto train and ¢ National Energy |abs.
support agency conservation Li st of federal water
project teans. efficiency contractors.
¢ Through FEMP, devel op an agency
service program and assign
General Services Administration
é Identify GSA contracted é Develop efficient procurenent
utilities which perform no- t echni ques, nethods, and
cost audits. contracts.
é Determine utilities which é Provide information on
of fer demand-si de services and specific water conservation
i ncentives. products.
Service Lead Agency
é Assist DOD in inplenenting FY fundi ng.
EO 12902. | ssue service policies and
¢ Manage ECIP and FEMP funding ¢ guidelines to inplenent
for water and energy wat er conservation projects.
conservation projects. Devel op service-side
¢ Recomend projects to ¢ execution plan for water
Secretary of Defense for proj ects.
Facility
ot ai n assi stance as needed from DOE, GSA, Service Support Agencies,
etc., to:
6 Develop a facility water é Determne water conserving
conservation plan. nmeasur es.
é Conduct facility water audit. é | nplenent water conservation
neasur es.
Figure 2

Rol es of Key Agencies in Water Conservation
4
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As a result, nore and nore states are inplenmenting restrictions
on total water usage through the use of consunptive use permts.
These permts allow water users to withdraw a limted quantity
fromthe permtted sources. |If your installation is |located in
an area that is prone to droughts, enconpasses the habitat of an
endanger ed species, or has other environnental requirenents that
may require | ess water use; these consunptive use permt |evels
may be set bel ow your current usage. Wen funding for a water
conservation project cannot be justified by FEMP payback
criteria, but is still required for environnental reasons,

proj ect approval under conpliance criteria nust be obtained.

Q her circunstances may ari se where FEMP econoni c
concerns are not the primary consideration for conservation.
Di scharge permt limtations, the econom c advantages of avoi ding
t he expansion of water or wastewater facilities, or a wde
vari ety of other reasons could drive the decision to conserve
water. |If you find yourself in this situation, the nethods
di scussed in this handbook for reducing your overall water usage
are still valid and an excell ent approach, but the funding
process is different. Although FEMP criteria and funding should
al ways be investigated and used when appropriate, both conpliance
and normal operations funding remain options when proper
ci rcunst ances exi st.

Since production, treatnent, and transportation of
wat er require energy and chem cal usage, your efforts to conserve
wat er al so help to support the installation s pollution
prevention goals. Reducing the use of chlorine and ot her
chem cals, mnimzing the anount and toxicity of sludge di sposed
fromwater and wastewater treatnent, and reduci ng energy use
allow the installation to avoid pollution and actually help to
reduce the operational and financial inpact of environnental
conpliance regul ations. These regulations can be difficult to
understand, so if you are faced wth environnental conpliance
i ssues, contact your installation’s environnmental departnent for
assi st ance.

2.2 A New CQutl ook on Water

2.2.1 Water Availability. Water and its future availability
have usually been taken for granted in the United States. After
all, water has always been a cheap commobdity in the U S., and the
i ncentives for conserving this seem ngly abundant resource have
been mnimal. However, with the popul ation explosion in the
second half of the twentieth century, we are now taking a new

5
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view of our water resources. Existing rivers, |akes, and
aquifers are all we have for water sources; therefore, we nust
protect them A sinple way to do this is to increase water
efficiency, and thus decrease the demand on these sources.

2.2.2 Water Facts. Alnost three-fourths of the earth’s
surface is water, yet 97 percent of the earth’s water supply is
ocean (salt) water. The remaining 3 percent is fresh, but two-
thirds of this is in the formof ice caps and glaciers! The U S
al one wi thdraws over 450 billion gallons of ground and surface
wat er a day, at least three tines the anount of water as the rest
of the world, according to the US Geol ogi cal Survey. After a
rainfall, only 9 percent of the total precipitation is captured
for beneficial use, the remaining 91 percent is lost to
evaporation, transpiration, and runoff to streamflow (which is
never wthdrawn and ends up in the oceans).

2.2.3 Wat er Conservation Benefits. Beyond regul ati ons and

| aws, the conservation of water is inperative to the future
econom ¢, social, and physical health of our country and worl d.
Water is used in every facet of life, fromagriculture and
industry to residential and recreational. Besides the benefit of
securing the world' s water supply for the future, other inportant
benefits can be derived fromwater conservation. Proper water
managenent can |lead to substantial financial savings. Renenber,
when water is conserved, energy savings are often observed due to
| essened energy demands for treating, heating, cooling, and
transporting the water. Pollution prevention benefits are
realized in two ways: reduced energy neans reduced air pollution,
and |l ess water treatnment neans | ess chem cal usage.

2.3 Water Usage in the Federal CGovernnent. The federal
gover nnment has not been exenpt fromthe past practices of water
overuse, abuse, and apathy. But, since nost federal agencies do
not know how much water they use, what the water is being used
for, or the cost of that water, it is inpossible to accurately
state how nuch water the federal governnent actually uses. From
data gathered by the Arny Corps of Engineers in fiscal year 1989,
however, it is known that gl obal Arny water and sewage costs were
nearly $250 mllion! This would put the total for the Department
of Defense alone at approximately $1 billion. At an average cost
of $2/1,000 gallon, this would equate to half a trillion gallons.
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Requi res treat ment
before entering
di stribution system

\
> @ -
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§ G ound
wat er
| ndus-
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il'r eat nent

'

Recycl i ng, Reclamation, and
Reuse for Sel ected Processes

Figure 3
Typical Water Use at Mlitary Installations
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Where does all this water go? What share of this half
atrillion gallons is your base using? Figure 3 shows sone
different uses of water at typical mlitary installations. 1In
order to be able to conserve water, you nmust know how nuch you
are using and where. This may not seemlike a difficult task,
but without water nmeters on the specific usage you are usage
increase. This increase could be totally unrelated to the
conservati on neasure (which could have i ndeed saved water), but
investigating, it can be. The worst thing you can do is
i npl enment sone neasure to conserve water only to have your water
w thout a meter to prove the savings (and where the water usage
increase really occurred) it may | ook as though your efforts have
backfired. This, in turn, could make it that nuch nore difficult
to inplenent any future water conservati on neasures at your
installation.

Wth the enactnent of EO 12902 and its precedi ng
congressional laws, as well as the realization that fresh water
is a precious and limted resource, the inplenentation of the
princi ples of water conservation at your facility will becone
part of your regular facility managenent routine.

Consumers
Family Housing/Residential
Laundry Kitcher(‘: Sinks Show ers
14% 5% 19%
Bathroom Sinks Dishw asher
11% 6%
Toilets
45%
Figure 4

Typi cal Water Usage in Fam |y Housi ng
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2.4 Typi cal Water Uses. Figures 4 and 5 show a typi cal

br eakdown of water consunption for residential houses and

of fice/adm ni stration buil dings, respectively. These particular
percent ages represent water usage for the city of San Jose,
California, but should closely resenble water usage in nost

| ocations. Odinarily, mlitary installations will have a
majority of residential or admnistrative buildings. Notice that
for both, the largest use of water is for personal hygiene,
specifically, bathroom and restroom usage. These areas should
therefore be the first targets for water conservation. O her
areas ripe for conservation include | andscapi ng, cooling and
heati ng equi pnrent, and | aundri es.

Consumers
Office/Administration Buildings

Cooling &
Landscapi ng Heat i ng
25% 30%

Rest r ooms
45%

Figure 5
Typi cal Water Usage in Ofice/Adm ni stration Buil di ngs

2.5 Typi cal Water Abuses. QO her than concentrating

i mredi atel y upon your plunbing fixtures, many installations can
find significant water savings in other areas. Cooling systens
that are once-through systens, where the water is passed through
the system once and then straight to the sewer, are extrenely
wasteful, costly, and in use throughout the mlitary as well as
private sector. Freeze protection systens, in many cases,
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consist of sinply turning on the water and letting it flow

t hroughout the winter. Over watering of |andscaping (and
concrete) is an ever present concern, and |l eaks in system

di stribution, and plunbing fixtures can account for up to 20
percent of your annual consunption.

2.6 Wat er Costs. Besides know ng where and how much wat er
you use, you nust al so know how much that water is costing you
Figure 6 shows a conpilation of water costs at several different
bases. Are the nunbers surprising? How nuch does your water
cost? If you punp fromyour own wells, is it free? If you
purchase froma utility conpany, is the anmount of that bill your
total water cost? No.

10
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$1. 10/ kgal
$2. 06/ kgal
$1. 05/ $1. 35/ kgal
kgal
$2. 18/ kgal
$1. 70/ kgal |
$2. 57/
kgal
[$2. 34/ kgal |

$0. 18/ kgal

OVERSEAS (FY92)

$1. 41/kgal | lbwe quam = $0. 96/ kgal
NSF DI EGO GARCI A = $2. 07/ kgal
PWC PEARL HARBOR = $1. 10/ kgal

Figure 6
Average Cost of Water (FY 93) for Selected Sites

2.6.1 Total and Margi nal Costs of Water. Many expenses
enconpass your total water cost, however, only certain costs can
be used to docunment savings on a DD 1391 project subm ssion.
These costs are your marginal or variable costs. Basically, the
addi tional costs to produce one nore unit of water, or the anount
of noney that will be saved by reducing your usage by one unit of
water. Figure 7 contains a nunber of costs associated with water
production and distribution categorized as a marginal or total
cost item

11
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ITEM TOTAL | MARGINAL COST
COST

Cost to operate wells (for I ocal X
production wel | s)
Comodity cost (if purchased from X X
utility conpany - e.g., the “water
bill™)
Cost to treat water (chlorine, X X
electricity, etc.)
Cost to punp/distribute water X X
Labor costs to operate treatnent plants X
Labor and nai ntenance to nmaintain X
di stribution system
Sewage treatnent costs X X (Note 1)
Di sposal costs X X
Permtting fees X
Water quality testing X

NOTE 1: Sewage treatnent costs can only be added to your
mar gi nal cost if the water conservation neasure wll reduce the
total flow to the sewage treatnent plant. Exanples:
a) a conservation neasure reducing the anmount of water
used for irrigation.
b) a conservation neasure to install |ow flow plunbing
fixtures.
Sewage costs could be considered as part of your nmarginal costs
i n exanpl e B above, but not in exanple A because exanple B
reduces the overall flow to the sewage treatnment plant while
exanpl e A does not.

Figure 7
Mar gi nal Costs and Total Costs of Water
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Section 3: WATER CONSERVATI ON PLANNI NG

3.1 Devel opi ng a Water Conservation Plan. Presented bel ow
are steps for the devel opnent of a water conservation plan. For
an i n-depth discussion of water conservation progranms, refer to

Eval uati ng Urban Water Conservation Prograns: A Procedures Manua

(refer to references). Follow ng these steps wll assist you in
conplying with the requirenents of Executive Order 12902, as well
as introducing your facility to the |long-termbenefits of water
and utility savings and efficiency.

3.1.1 Step 1 - Analyze Water Usage. The first step, as

di scussed earlier, is to determ ne where and how nuch water is
used on your installation. The nmethod used to acconplish this is
the facility water audit, or sinply “water audit.”

3.1.1.1 The Prioritization Survey. The facility water audit
shoul d not be confused with the “prioritization survey” described
in EO 12902. The EO 12902 prioritization survey is perforned at
the agency level. It is an assessnent of the overall picture of
wat er use and |l osses within DoD. It targets installations for
further investigation, and establishes highest priority
facilities for conprehensive audits. The water audit, on the
other hand, is a detailed study conducted at the facility |evel
and is specific for that facility.

3.1.1.2 The Facility Water Audit. A conprehensive facility
water audit is the process by which all water-consum ng equi pnent
at a facility is nonitored to determ ne water usage, water

| osses, and the costs associated with each. The types and
condition of the equipnment are al so determ ned. The survey
results allow you, the facility manager, to make infornmed and
appropriate deci sions about inplenenting cost-effective water
conservation neasures. In short, a water audit allows you to
identify, quantify, and verify your facility's water use.

Besi des being a requirenent set forth in the Executive Order, an
audit is beneficial for determ ning and reduci ng water | osses,

i ncreasi ng know edge of the facility' s distribution system and
achieving financial savings. Figure 8 shows the general parts of
a water audit.

13
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QUANTIFY THE QUANTIFY AUTHORIZED
WATER SUPPLY METERED WATER USE
1. Identify water 1. Identify metered
sources » uses
2. Quantify water from 2. Quantify metered
each source uses
3. Verify and adjust 3. Verify and adjust
source quantities source quantities
QUANTIFY QUANTIFY WATER ANALYZE WATER
AUTHORIZED LOSSES/SAVINGS AUDIT RESULTS
UNMETERED USES
1. ldentify 1. Identify potential 1. Estimate variable
aut horized |® wat er | osses » utility costs
unmet er ed 2. Estimate | osses 2. Estimate cost of
uses by type of | oss |l eak detection
2. Quantify 3. ldentify water survey
aut hori zed savi ngs 3. Devel op projects
unmet er ed opportunities based on 10 year
uses di scount ed

payback and SIR

Figure 8
CGeneral Parts of a Water Audit

Conducting an audit of one’'s facility is a significant
undertaking involving the need for labor, tinme, and materi al s.
There are many tasks that nust be performed to obtain neani ngful
data about a facility’'s water use. You nmay w sh to obtain
assistance fromthe utility conpany or an Architect and
Engineering (A/E) firm A series of Water Conservation Survey
forms, which will help you organize your audit information, have
been devel oped by the Naval Facilities Engineering Service Center
and can be |l ocated in Appendi x B.

a) Gather Existing Information. The foll ow ng
i nformati on shoul d be obt ai ned:

(1) Any maps or floor plans show ng pl unbing or
equi pnent | ocati ons.

(2) Past water and sewage bills fromthe utility,
as well as the identity of the utility.

14
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(3) Any previous water conservation neasures
(such as retrofits) already inplenented; also any previous water
audi t dat a.

(4) List of current water-using equipnent, their
manuf acturers, and nunber of each (e.g., toilets).

(5) Nunber of enployees, their working schedul es,
and buil ding | ocations.

b) Conduct the Audit. After the above data has been
gat hered, the actual audit nust be perfornmed. This includes the
foll ow ng steps:

(1) Assenble qualified personnel for a survey
t eam and assign the tasks.

(2) Seek the assistance fromthe utility - they
may be able to hel p conduct the audit.

(3) Choose the appropriate unit of neasure for
each device and have survey personnel use it consistently in any
calculations (e.g., gpf - gallons per flush for toilets; gpm -
gal lons per mnute for faucets).

(4) Measure incomng water supply flows (it may
not match the utility s figures).

(5 Measure outgoing water flows, if possible.

(6) Physically observe and identify all water
consum ng equi pnent. Determne their daily usage rate.

(7) Determne the anount of water consunption for
each device during use. Use neters as appropriate.

(8) Use leak detection programto determ ne water
| osses.

(9) Ildentify any ot her observabl e | osses of
wat er .

c) Analyze Audit Results. After conpleting the water
audit, the results nust be anal yzed to determ ne where the best
wat er conservation opportunities exist. This includes the
fol | ow ng:
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(1) Conpare the neasured water consunption (per
use and daily consunption) of the devices to any avail abl e
manuf act urers’ cl ai ns.

(2) Calculate the cost of the water consunmed by
each device at the facility and the cost of “lost” water.

(3) Ildentify recoverabl e | eakage and any
corrective neasures for them

3.1.2 Step 2 - Devel op Water Use Forecasts. Based on the

i nformati on obtained fromthe water audit, water usage into the
future should be estimated. This will help drive hone the need
for conservation, especially if you are at or near your supply’s
capacity. Nunmerous nethods exist to forecast water usage. These
nmet hods coul d i nclude considerations for any one of a nunber of

t hi ngs, such as historical demand, seasonal weather, seasona
popul ati on, nunber and types of houses and buil di ngs, weat her
conditions and nmuch nore. Installation Water Resources Anal ysis
and Pl anni ng System (I WRAPS), devel oped for each service, is one
software programthat could be used to forecast your water usage.
Details on | WRAPS and ot her software progranms can be found in
Section 5. Regardl ess of nethod chosen, you should ensure that
any forecasts are consistent with your existing Base Master Pl ans
and Capital |nprovenent Plans maintai ned by your base pl anning

of fice.

3.1.3 Step 3 - Explore Options. Next it is time to exam ne
potential water conservation neasures for your installation.
There are several issues that should be addressed when one
consi ders which options are suitable for inplenentation:

3.1.3.1 Long Term -vs- Short TermReliability. Consider how
| ong the conservation neasure will remain reliable. Short term
approaches may not be cost-effective in the |long run.

3.1.3.2 Capabi lity-Building. Consider adding prograns as they
beconme nore economcally attractive, that is, as they becone
cost-justified. Do not try to inplenent every technique right
away if it is not cost-effective or environnentally necessary to
do so.

3.1.3.3 Avoid Lost Opportunities. Mke sure to inplenent
enough of the right measures when the chance arises. Develop a
list of potential conservation neasures so that when they becone

16



M L- HDBK- 1165

f easi bl e, or when noney becones avail able, the right neasures can
be i npl enent ed.

3.1.3.4 Soci al Acceptability. Social acceptance is probably
the nost inportant aspect to consider. |f the base personnel
will not accept it, it is not going to work! Social acceptance

i ncreases with overall awareness, another good reason to ensure

t hat base personnel awareness and information is an integral part
of your conservation program Alternate days for watering m ght
not be readily accepted, but if the base personnel are inforned
and know edgeabl e about the installation’s water resources, the
chance for acceptance will be greater. Acceptance is a nmjor
issue with water reclamation projects. The use of “sewage water”
for anything except disposal tends to concern many people, unless
properly infornmed of the benefits and safety of such systens. |If
you are contenpl ating any water reuse application, the

Envi ronmental Protection Agency’ s (EPA' s), Manual EPA/ 625/ R-

92/ 004, “Q@uidelines for Water Reuse” is an inval uable resource.

3.1.4 Step 4 - Analyze the Benefits and Costs. The costs and
benefits of the potential water conservation neasures shoul d now
be quantified. It cannot be over enphasized that this is one of

your key roles as the energy or facilities manager. Not every
idea is going to prove beneficial at your particular installation
and sone, which nmay not be beneficial elsewhere, will be
beneficial for you. Mre information on identifying the costs
and associ ated benefits of water projects can be |ocated in the
readi ng selections listed in Section 7.3.

3.1.4.1 Costs. \What are the new costs associated with the
proposed conservation neasure? |s new nai ntenance required,
addi ti onal personnel, or are significant adm nistrative costs
associated with it? These questions need to be considered, in
addition to the typical project costs such as parts and | abor,
prior to inplenenting any conservation nmeasure.

3.1.4.2 Benefits. What are the benefits of the new water
conservation neasure? This is where knowi ng the total and
mar gi nal costs of your water are really inportant. Consider if
reductions fromyour peak demand could elimnate sonme charges
fromyour water bill, provided you are billed in that fashion
Renmenber that reduced demand could result in the renoval of an
existing well fromservice. Also, if a reduction in your water
demand woul d del ay or possibly even elimnate the need for
expandi ng your water or sewage treatnent plants, it should be
considered. (NOTE: Construction cost avoi dance shoul d be
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consi dered, but it cannot be used in FEMP payback conputations.)
O her possible benefits could include reduced sewage treat nent
costs (lowflow fixtures), reduced operations and mai nt enance
costs (Xeriscape or automated controls) or even reduced water
heating costs (|l owfl ow showerheads).

3.1.5 Step 5 - Develop A Long-Term Plan. After having
conpleted all of the above, it should be fairly sinple to

i ncorporate those results into a conprehensive plan to nanage
your water resources.

3.2 Dr ought Managenent Plan. A part of your overall water
conservation plan is your drought managenent plan. A drought
managenent plan will aid you in being proactive when drought
conditions begin, rather than just being reactive and hoping for
the best. The American Water Wbrks Associ ation (AWM) “Drought
Managenent Pl anni ng” nmanual contains a detailed discussion of the
steps in planning and inplenenting a drought managenment plan.

3.3 Publ i ¢ Education and I nvol venrent. Anot her aspect of
wat er conservation planning is public education and invol venent.
Wt hout the involvenent of the base personnel, water conservation
pl ans of any kind will be difficult to inplenment. Many of the
met hods to reduce water usage involve nodifying personal habits
and behaviors. You can install many water reducing devices, but

if the users still take hal f-hour showers and water their | awns
(and si dewal ks) throughout the night, your water conservation
programw || not be very successful. Check with your |ocal water

utility, odds are that they already have sonme formof a public

education or information programyou can use to base your plan

upon. Along with assistance in the public education arena, your

| ocal water utility can assist you in other areas - get them

i nvol ved. Typical services your utility mght provide include:
a) Rebates for equipnent retrofits or replacenents.

b) Information on water-efficient equi pnent and
| andscapi ng.

c) Assistance with water audits and surveys.
d) Assistance in |eak detection.

e) Metering and netering data.
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f) Rate structures, such as tiered, seasonal, excess
use, goal -based, or tine-of-day.

3.3.1 Public Infornmation. The average resident or enpl oyee
on your installation has very little know edge about your water
cost or usage. Getting their attention, educating them and
getting their comnmtnent to assist in saving water is critical to
a successful water conservation program “Water Conservation,” by
Maddaus (refer to references) contains a nunber of strategies to
acconplish this. Briefly, this involves devel oping a thene for
your water conservation program such as “Use Water Wsely,” or
“An Qasis Needs Water, Save It.” Then you need to target your
audi ence: in-school education for children, bulletin boards in
the work spaces of your biggest water users, newspapers, radio or
television for famly housing occupants. There are nmany ways to
get the nessage of water conservation out to the enpl oyees and
occupants of your installation, but renmenber your approach needs
to be structured and have the support and attention of the entire
chain of command. A successful base personnel awareness program
coul d achi eve about a four percent reduction in your water usage.
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Section 4: WATER CONSERVATI ON OPTI ONS: SUPPLY

4.1 Introduction. Installing low flow plunbing fixtures
and limting shower times are classic water conservation neasures
that easily come to m nd when di scussing water conservation, but
you can begin conserving water |long before it ever reaches the
CONSUIErs.

4.2 Water Wells and Treatnment Plants. Water wells and
water treatnent plants are at the head end of nbst water systens.
| f these are operated inefficiently or not well maintained, then
wat er i s probably being wasted. Reducing excessive backwashi ng,
wel | discharges, and | eaks wll reduce the total demand on your
wat er source, and has the sane effect as reduci ng water usage
anywhere within your system M L-HDBK-1164, *“Mai ntenance and
Operation of Water Supply Systens,” contains detail ed di scussions
on proper procedures for water treatnent plants and wells.

4.3 Leak Detection Prograns. After the water is treated,
it travels through your water distribution systemto the end
user. |If your distribution systemcontains |eaks, then once

again water is being wasted before it ever reaches its intended
pur pose, and renenber: every end use is connected to this

di stribution systemin sone manner. Therefore, an inportant part
of your water conservation programand efforts should revol ve
around | eak detection. AWW s Manual M6, “Water Audits and Leak
Detection”, contains a detailed wite up on the factors to
consider and investigate in order to determne if a |eak
detection programw || be beneficial at your installation.

If you are | ocated at an average mlitary facility
(circa 1940's) then the odds are pretty high that, as you read
this manual for the first time, upwards of 10 percent of your
total water production (or purchases) is being lost to system
| eaks. Leak detections perfornmed by the Naval Facilities
Engi neering Service Center at several Navy and Air Force
installations have found | eakage of up to 20 percent of total
pr oducti on.

4.4 Metering. Metering your distribution systemw || help
you determ ne where your major water users reside, and can help
in detecting | eaks before ancillary damage, such as road washouts
or sinkhole formations, can occur. AWMW s Manual M, “Wter
Meters - Selection, Installation, Testing, and Mintenance”,
contains detailed information on water neters. The Arny has al so
publ i shed ETL 1110-3-465, “Design and Construction of Water
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Meters and Appurtenances at New Arny Facilities.” This
information will prove hel pful once the decision to install a

met er has been reached. But, wth the current costs associ ated
with installing, and then consistently reading water neters, many
activities have deci ded against the installation of neters.

St udi es have shown that water usage is reduced once
meters are installed. Call it a phenonenon of “big brother
wat chi ng” or whatever, but once occupants know how rmuch water
t hey use and can be shown how nuch they use, their incentive to
conserve water increases. Studies conducted from 1955 to 1975
showed reductions ranging from 13 percent to 45 percent after the
installation of neters. Further studies in Denver from 1980 -
1982 reveal ed a 20 percent reduction in water usage between
nmet ered and unnetered houses within the sane subdi vi si ons.

These results were achieved in the private sector with
payi ng custoners. It is doubtful that nmeters alone wll reduce
wat er usage, but if you can attach a bill to the neasured water,
then these results may be achieved. Therefore, unless you have
payi ng custoners (tenant commands, contractors, etc.) neters nay
not prove to be beneficial. Metering every housing unit for
exanpl e, would be extrenely expensive and woul d probably achi eve
no reduction in water usage. However, if you were to neter a
payi ng tenant command who currently is using 30 percent of your
total water supply, then reductions could be realized.

4.5 Pressure Reduction. Water savings can be obtained

t hrough wat er pressure reduction. Your water system should be
operating at around 50-60 pounds per square inch (psi) (345-414
kil oPascals (kPa)). If your pressure is nmuch higher, then
reduci ng water pressure nay create savings.
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Section 5: WATER CONSERVATI ON OPTI ONS: END USE

5.1 Introduction. This section includes a wi de variety of
end use water conservation options. Each option is presented as
an operation and mai ntenance procedure, a retrofit, or a

repl acenent, as appropriate. Some of these options are sinple

“l ow cost or no cost” methods such as fixing | eaky faucets,
reduci ng excess water pressure, repairing toilet valves, or
educati ng buil di ng occupants about proper use of water-conserving
equi pnent. O her options require nore extensive retrofitting or
repl acenent.

By no neans does this listing include every avail abl e
wat er conservation option, and not all the options expressed in

this section will necessarily conserve water at your
installation. They are listed here for informational purposes on
sone of the many nmethods currently in use to conserve water. It

isS up to you to determ ne which options are right for your
facility, taking into account the information presented here, and
factors relevant to your facility. Furthernore, it is
recomended that you periodically review the conservation work
performed by the Departnment of Energy. The FEMP Newsletter is a
good source for the | atest technol ogi cal advances in energy and
wat er conservati on.

5.2 Ofice Facilities and Residential. The Energy Policy
Act of 1992 contains strict water consunption |imts for several
new y manufactured commercial plunbing products. As of January
1, 1994, all newtoilets nmust use no nore than 1.6 gallons per
flush (gpf) or 6.0 liters per flush (Ipf), all new urinals no
nore than 1.0 gpf (3.9 Ipf), and new shower heads and faucets no
nore than 2.5 gallons per mnute (gpnm) or 9.5 liters per mnute
(Ipm. Figure 9 shows a conparison of water usage rates of these
conserving devices and their traditional counterparts. Notice
the dramatic difference between plunbi ng devi ces manufact ured
before and after 1994. Traditional and conserving toilets,
urinal s, showerheads, and faucets, as well as other water
consum ng products found inside office and residential facilities
are di scussed below. See Figure 10 as you read and note the
potential water savings realized frominplenenting sone of the
present ed opti ons.
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Pot ent i al
Aver age Fl ow Rate Consunpti on Savi ngs
Devi ce Gallons | Liters Gallons |Liters
(Per Fl ush) (Per Person/ Per
Day)
Tradi tional Toilet 3.5-7 13-26.5 -
Utra-Iow Fl ow 1.6 6 8- 22 28- 82
Toi | et
Tradi tional Urinal 1.5-3 5.7-11. 4 -
Utra-Iow Fl ow 1 3.9 1.5-6 6. 23
Uri nal
Wat erl ess Uri nal 0 0 3-12 11-45
Toi | et D spl acenent Vari es 2% * 7.6
Devi ce
Toi | et Danmm ng Vari es 4** 15
Devi ce
(Per M nute) (Per Person/ Per
Day)
Tradi ti onal 3-8 11. 4- 30 -
Shower head
Low FI ow Shower head 2.5 9.5 2-27 7.6-102
Shower head Vari es 3. 7** 14
Restrictor Device
Tradi tional Faucet 3-7 11.4-26.5 -
Low Fl ow Faucet 2.5 9.5 2-18 7.6-68
Faucet Aerat or 0. 5** 1.9
(Per Load) (Per Person/ Per
Day)
Tradi ti onal 9-12 34-45 -
Di shwasher
Low Fl ow Di shwasher 5-9 19- 34 1.0** | 3.9
Tradi tional d othes 35-55 132- 208 -
Washer
Low Fl ow C ot hes 20- 30 76-114 1. 7** 6. 4
Washer
Toi | et s: Assunme 4 flushes per day per person
Shower heads: Assunme 5 m n/day shower per person
Faucet s: Assune 4 m n/day running faucet per person

**  From Wat er

Pot ent i al

Conservation”,

AWM,  1987.

Figure 9
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Water Usage Rates of Bathroom Plumbing Fixtures
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5.2.1 Toil ets

5.2.1.1 Conventional and Water-Efficient. Toilets account for
approxi mately 45 percent of i1ndoor water use (Figure 4), making
them a prine candidate for water conservation neasures. The nost
common types of toilets are the gravity flow toilet, flush valve
toilet, and pressurized tank system

a) Gavity toilets. Gavity toilets work by using a
tank of water and a rubber stopper. The water is released by the
stopper and enters or “flushes” into the bow fromthe tank by

gravitational force.

b) Flush valve toilets. Flush valve toilets have no
tanks. Instead, pressurized water pipes are activated by val ves
to rel ease water at specific flowrates into the bow .

Typically, gravity flowtoilets are seen in residential
bui Il dings, and flush valve toilets in office and adm nistration
bui | di ngs.

c) Pressurized tank toilets. Pressurized tank toilets
are a newer design of the old tank toilet and are nmade to use 1.6
gpf (6.0 Ipf) or less. Here, an air bag in the tank exerts
pressure on the water to force it down into the bow. *“Bl owdown”
toilets are pressurized tank toilets with the tank hidden behind
the wall.

d) Traditional toilets. Traditional toilets
(manuf actured before 1980) are primarily gravity flow or flush
valve and use 5 to 7 gpf (19 to 26.5 Ipf). Since 1980, |ow flow
toilets using 3.5 gpf (13 Ipf) and ultra low flow (ULF) toilets
using 1.6 gpf (6 | pf) have been introduced into the marketpl ace.
Unl ess your facilities have been renovated or newly built since
1980, it is likely that you are currently using high-flow
toilets, and wasting significant anounts of water. Replacing a
conventional toilet with a 1.6 gpf (6 Ipf) toilet can reduce
toil et water usage by as much as 70 percent per day! Although
not as effective as replacing a conventional toilet with an ULF
operation and mai ntenance procedures and retrofitting can reduce
t he anobunt of water your existing toilets use and nake them nore
efficient. However, sone retrofits may require frequent
adj ust mrent or maintenance and may interfere with the proper
operation of the toilet, which was not designed to work with | ow
vol unes of water.
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5.2.1.2 Operation and Mi ntenance Procedures. Li sted bel ow
are sone mai ntenance procedures that will conserve water in
conventional toilets:

a) Locate and repair leaks. This is an inportant

procedure! Huge anmobunts of water are wasted fromleaky toilets
and faucets. (See Figure 11.)
b) Replace worn parts if practical (e.g., rubber
st oppers, valves, ballcocks).
c) Adjust valves to nore efficiently control water
flow
Intensity Amount of Water Lost
Faucet Drips and Leaks
(gpd) (Ipd)

Sl ow 36 136

St eady 180 681

One quarter open 664 2513

One- hal f open 1620 6132

Ful | open 3600 13626

Toilet Leaks
(gpd) (Ipd)
Seepi ng 30 114
Constantly Runni ng 6000 22710
Note: gpd = gallons per day, Ipd = liters per day
Figure 11
Wat er Lost Through Leaks

5.2.1.3 Retrofits. Listed below are sonme suggestions for toilet

retrofitting:

a) Displacenent devices for gravity flowtoilets -
bags or bottles of heavy material which displace water in the
tank, resulting in |less water entering the bow during or after

each flush
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b) Damm ng devices for gravity flowtoilets - flexible
inserts which partition the tank and prevent sone of the water
fromleaving the tank during a flush, resulting in |l ess water
entering the bow .

c) Early-closure devices - restrictors at the flush
val ve, or new reduced-flow flush valves that save water by
causing the valve to close early, reducing the anount of water
used for flushing.

d) Weighted flappers - cause the flush handle to
rel ease early to shorten the flush duration, thereby saving
wat er .

e) Dual-flush devices - dual flush handles that allow
a mnimal flush by noving the handl e one way and a maxi mum fl ush
by noving the handl e the other way.

f) Flowdiverters - diverts, into the tank, a portion
of the water that would ot herwi se go through the overfl ow tube

(gravity flow.

g) Flush valve retrofits - several commercial products
exi st which can increase the efficiency of the toilet flush
val ves.

5.2.1.4 Repl acenents. New gravity flush, flush valve, and
pressuri zed-tank toilets are designed and manufactured to conply
with the Federal requirenent of 1.6 gpf (6 Ipf). Variations of
t hese designs include shallow trap toilets and conpressed air
toilets, and are available frommany vendors. These toilets can
be designed to ook like traditional toilets.

Waterless toilets are also commercially avail abl e,
al t hough not nearly as common as the three types above. They are
nore costly to obtain and nmaintain, and are generally used in
areas where water is scarce. G, conposting, or incineration
are sone of the nethods by which these toilets elimnate waste.

5.2.1.5 Problens and Pitfalls. As stated above, certain
retrofits may adversely affect the performance of sone toilets
and may require frequent adjustnent or repair. For exanple, take
care not to choose displacenent devices that eventually w |
crunble apart in the tank, such as bricks. Sone retrofits are

al so expensive and tinme consumng to install (e.g., dual-flush
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devi ces). You should be aware of and prepared for these
possibilities if you decide to retrofit.

Concerning replacenent, ULF toilets are not all alike.
Sonme brands outperformothers. ULF toilets may require nore
frequent cleaning; some may not flush waste as efficiently as
others, resulting in nore flushes per use; and sone nay not
provi de sufficient “scour” velocity to the sewage lines to carry
away the waste, resulting in increased sewage nai ntenance.

Overall, however, the nost recent ULF toilets are nore
t echnol ogi cal |l y advanced than the first ones to appear on the
mar ket a decade ago. Wth a little product research, quality ULF
toilets can be obtai ned which have no nore operating probl ens
t han conventional toilets.

5.2.2 Urinal s

5.2.2.1 Conventional and Water-Efficient. Conventional urinals
utilize from1.5 to 3.0 gpf (5.7 to 11.4 Ipf). Newurinals, in
conpliance wth federal regulations, use a maxi numof 1.0 gpf
(3.9 Ipf). Savings of 1.5 to 6 gallons (6 to 23 liters) per day
per person can be realized by using ULF urinals. Urinals cone in
a variety of designs and nmay be floor- or wall-nounted.

a) Siphon jet urinals. Siphon jet urinals are the
nmost common type of urinal. They use a tank and a si phon device
that discharges the flush tank when the water level in the tank
reaches a certain height. There is no user-controlled flushing
mechani sm  Siphon jet urinals are appropriate for high traffic
| avat ori es.

b) Washdown or washout urinals. Wshdown or washout
urinals use a nechanical flush handle or button (user controll ed)
to activate the water to wash down the basin, carrying the liquid
waste with it. These urinals are generally used in lowtraffic
| avat ori es.

c) Blowout urinals. Blowout urinals work in a simlar
way to siphon jet urinals, except that the tanks are conceal ed
behi nd the wall.

d) Waterless urinals. Wterless urinals work by using
special trap inserts containing a biodegradable liquid. The
liquid has a | ower specific gravity than urine and floats on the
surface of the trap as the heavier urine passes through to the
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sewer line. This prevents odors fromperneating to the air
above. Also, the urinal bow is usually coated wwth a water and
urine repellent material that prevents bacterial growh and
odors. The trap is renoved and repl aced periodically.

Manuf acturers’ clainms indicate that the waterl ess urinals have
substantially | ower operating costs than flush type urinals, as
wel | as increased water and sewage savi ngs.

The waterless urinal is an approved fixture in the 1996
Nat i onal Standard Pl unbi ng Code and conplies with ANSI Z124.9-94.
They are also very cost effective for new construction projects
since water supply and flush valves are not needed. Care does
need to be taken however to prevent the waterless urinals from
becom ng scratched, as scratches w |l damage the urine-resistant
coating that can cause urine to “stick” and dry on the urinal’s
surface.

5.2.2.2 Operation and Mi nt enance Procedures. Li sted bel ow
are sone mai ntenance procedures that will conserve water in
conventional wurinals:

a) Locate and repair | eaks.

b) Replace small parts, if practical to do so. Siphon
jet urinals, for exanple, use rubber diaphragns that shoul d be
repl aced periodically.

5.2.2.3 Retrofits. Listed below are sone suggestions for urinal
retrofitting:

a) Flushoneter valves - fit conventional urinals with
wat er - r educi ng parts.

b) Timers - install on urinals that have constant
water flowto turn the water off during no-occupancy hours.

c) Sensors - install to automatically flush after
urinal is used, preventing the user from over-fl ushing.

5.2.2. 4 Repl acenents. The 1.0 gpf (3.9 Ipf) urinals cone in
the types |isted above and are available froma nmultitude of
vendors. Waterless urinals (described above) are al so avail abl e.

5.2.2.5 Problens and Pitfalls. Fewer difficulties should
result fromretrofitting or replacing urinals than fromtoilets
because of the | ess conplex nature of the waste. However, you
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shoul d nonitor the updated urinals to make sure the waste is
being sufficiently flushed, and that users are not throw ng
foreign matter such as cigarettes or paper into the bow s.
Waterl ess urinals should not be installed if your sanitary sewer
pi pi ng consists of copper or copper fittings. Copper corrodes
much faster with the higher urine concentrations found with

wat erl ess urinals.

5.2.3 Shower heads

5.2.3.1 Conventional and Water-Efficient. Al though showerheads
are found mainly in residential housing units, many installations
have showers in enployee and resident recreational facilities as
wel | . Conventional, obsolete showerheads typically use 5-8 gpm
(19-30 I pm at 80 psi (550 kPa) when new. As they age, the flow
rate may decrease to 3-4 gpm (11.4-15 | pn) due to corrosion and
hard water deposits.

New | ow f| ow shower heads use 2.5 gpm (9.5 | pm or |ess
at the same pressure. |Installing these high-efficiency
shower heads can result in savings of approximately 2-27 gallons
(7.6-102 liters) per five-m nute shower, plus energy savings due
to | ess demand for hot water. H gh-efficiency showerheads are
rel atively inexpensive, costing anywhere from $5-100. They are
also sinple to install. Many good nodel s are under $20 and bul k-
buyi ng can greatly reduce the unit price.

5.2.3.2 Operation and Mi ntenance Procedures. The follow ng
procedures may be applied to high-efficiency showerheads as well
as conventional ones:

a) Locate and repair | eaks,
b) Encourage shorter showers.

5.2.3.3 Retrofits. Al though not nearly as effective as
repl acenent, retrofits can be used on the existing showerheads if

funds are not available to replace themw th high-efficiency
units. Typical retrofit options include:

a) Pressure reduction valves reduce water pressure to
t he shower which reduces the anount of water flow
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b) Shut-off valves allow you to turn the water off
whi | e soapi ng up, then on when rinsing. These can be used with
hi gh-efficiency showerheads as wel | .

c) Flowrestrictors are special washer devices with a
center hole that reduces water flow when placed inside the
shower head.

5.2.3.4 Repl acenents. Many brands of high-efficiency, |owflow
shower heads are commercially avail able and cone in many shapes
and sizes. There are three basic designs by which these heads
deliver water:

a) Aerating. “Aerating” showerheads work by draw ng
air into the flow of water producing fine water droplets over a
| arger surface area.

b) Atom zer. “Atom zer” heads m st the water and
deliver it in extrenely fine droplets over a |arge surface area.

c) Pulsating. “Pulsating” heads cause the water to be
delivered in pulses alternating between high flow and m st. Sone
shower heads have adjustable flows which can change the water
delivery frompulsating to m st

In any case, the | atest technol ogy all ows high-
ef ficiency showerheads to provide as “satisfying” a shower as the
conventional types while still conserving water.

Consi der, also, installing the showerhead as a hand
held unit instead of a fixed-in-place nodel. Shower users may
decrease their anmount of shower tinme with a hand hel d head
because of the ability to precisely direct the spray, thereby
reducing rinse time. Hand held nodel s, however, are at greater
risk to be m shandl ed or vandali zed.

5.2.3.5 Problens and Pitfalls. Restrictor retrofits often
result in poor shower performance and are not recommended for

| ong-term conservation. Certain |ocations, with extrenely hard
wat er, cannot use restrictors due to plugging. Shut-off valves
may cause tenperature differences in the water and could result
in scalding when the water is reactivated. The risk of scal ding
may al so increase with | ow fl ow showerheads if plunbing |lines do
not mai ntain proper water pressure while nearby toilets are
flushed. Lowering the tenperature at the water heater and
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installing anti-scald valves will help to renedy this.
Al ternatively, the plunbing itself could be repl aced.

User satisfaction with a high-efficiency showerhead
depends on how the shower “feels”. User satisfaction wll
generally be lowif the chosen heads do not provi de adequate
wetting ability and perceived water pressure. Sone field testing
may be needed before a final choice is nmade as to the exact brand
and nodel that will best suit your facility.

5.2.4 Faucet s

5.2.4.1 Conventional and Water-Efficient. Conventi onal

bat hroom (and ki tchen) faucets use between 3 to 7 gpm (11.4 to
26.5 I pm. New faucets, designed to neet federal codes, use a
maxi mum of 2.5 gpm (9.5 I pm at 80 psi (550 kPa), although nost
bat hroom t ypes are being manufactured to use 1.5 gpm (5.7 | pm or
| ess. Assum ng high-efficiency faucets are left on for the sane
anount of tine as the conventional types, a savings of 2-18
gallons (7.6-68 liters) per person per day can be realized for
each high-efficiency faucet used.

5.2.4.2 Operation and Mi ntenance Procedures. The follow ng
mai nt enance procedures can be applied to faucets:

a) Faucets should be periodically checked for |eaks
and repaired as needed. Leaky faucets can waste enornous anounts
of water (tens of gallons in a single day).

b) For conventional faucets, water flow can be reduced
by adjusting the flow valves if applicable.

5.2.4.3 Retrofits. The followng retrofit options may help
reduce the anmount of water your conventional faucets use:

a) Aerators - a device that uses a screen to mx air
and water in the faucet head, giving the illusion that nore
water is flow ng through the faucet.

b) Restrictors - sane as for showerheads, they are
washers with center holes that restrict the flow of the water
t hrough the faucet.

5.2.4.4 Repl acenents. The new | owfl ow faucets cone in a w de
variety of aesthetic styles, but essentially operate in one of
two ways: aeration or lamnar flow In lamnar flow faucets, the

32



M L- HDBK- 1165

water travels in parallel streanms producing a clear flow of water
w thout being mxed with air (as in aeration). This produces
superior wetting ability over that of aerating faucets. Lam nar
flow faucets are nore expensive than aerating types but not
extravagantly so.

It is becomng an industry standard to add trickle
shut-of f valves or levers to faucets. These |evers allow the
user to shut off the water when perform ng sone task that does
not require it, then to turn the water back on at the exact sane
flow and tenperature. The valve prevents the need to turn the
faucet off or to readjust the flow and tenperature.

Sonme | owflow faucets are netered-val ve type, or self-
closing, which will deliver a fixed quantity of water and then
shut off automatically. Another type of automatic faucet is
sensored. Self-closing faucets work with a spring-Ioaded | ever
that slowly returns to its original position and turns off the
water. Sensored faucets, either infrared or ultrasonic, are
designed to turn on when a user’s hands are placed under the
faucet, and turn off when the hands are renoved.

5.2.4.5 Problens and Pitfalls. Faucet aerators need to be
checked periodically for clogging, sone nodels clog nore easily
than others and may need to be cl eaned too often to be effective.
Sone aerators may cause unacceptabl e perfornmance or the
perception of poor performance, resulting in an increase in water
use.

The |l evers or handles that control the faucets on non-
sensoring types may al so nake a difference. \Wereas sensored
faucets are designed to deliver water at a set volunme and
tenperature, single bar |levers on non-sensored faucets tend to

cause the user to use nore water than necessary to achieve a
desired volune and tenperature. Redesigned |evers can be
purchased which will deliver only a set tenperature or even just
cold water unless deliberately pushed conpletely to the left for
hot water. Two-handled faucets also precipitate the sane
problem Foot-controlled levers for office |avatories may be an
alternative to sensored devices and help to prevent the spread of
gerns. Sensored faucets are usually not appropriate for kitchens
due to the need for total volune and tenperature control by the
user.
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5.2.5 Chilled Drinking Fountains and |Ice Machines. Chilled
drinking fountains and ice machines are not currently covered
under Federal regulations, therefore there are no specific
conventional versus water-efficient conparisons to be nade.
However, with proper naintenance you can realize both energy and
wat er savings for these units, whether stand-alone or centrally
controll ed systens. You m ght al so choose to replace older units
wi th newer, nore energy efficient nodels.

5.2.5.1 Repl acenents. Water-cooled ice nmakers can be repl aced
by air-cool ed condenser units. Air-cool ed condensers do not
require water for cooling. Also, consider replacing a cube
machine with an ice flake machine. Machines that flake the ice
instead of cube it do not need bl eed-off water to carry away

vi sual contam nants fromthe cubes.

5.2.6 Washi ng Machi nes

5.2.6.1 Conventional and Water-Efficient. Current washing
machines in famly housing units are primarily top-I oading,
vertical -axis machi nes that use from 35-50 gallons per |oad (gpl)
(130-195 liters per load (Ipl)). Laundromat type washers are
front-1oading, horizontal -axis machines. These commercial style
washers typically use only 25-30 gpl (95-115 Ipl), due to the
fact that they tunble the clothes on a horizontal axis enabling
themto use less water. A third type of washer is a top-I|oading,
hori zont al -axi s machi ne that conbi nes the conveni ence of the top
| oader while only utilizing around 15 gpl (58 Ipl).

5.2.6.2 Operation and Mi ntenance Procedures. For existing
washi ng machi nes, the foll ow ng suggestions will aid in
conserving water:

a) Locate and repair | eaks.
b) Encourage users to wash only full | oads.

c) If water level is able to be set by the user,
encourage using only as nuch water as needed for that |oad.

5.2.6.3 Retrofits. The only retrofit which can be applied to
washi ng machines is a rinse-water recycling system Generally,
this will only be applied to base | aundromats and industri al

| aundries, rather than residential hones.
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5.2.6.4 Repl acenents. The water-efficient washing machi ne has
not advanced as far as other water conserving devices. There are
not many manufacturers of househol d horizontal -axis washers
(front-1loading or top-loading). The household front-|oader is
slightly nore expensive than the conventional top-Ioading,
vertical -axis nodel, but not significantly so, while the
househol d top-1 oadi ng, horizontal -axis nodels cost about two to
three tines nore than the conventional machines. O der washers
can al so be replaced with newer ones that have nore options for
controlling water levels and tenperature.

5.2.6.5 Problens and Pitfalls. As nentioned above, horizontal -
axi s washers cost nore than conventional machi nes, but can reduce
operational costs. Cost savings can be achieved not only in

wat er usage, but also in energy savings due to reduced water
heating costs. The horizontal -axis machi nes al so use
significantly | ess detergent. A cost analysis should be
performed for your residential facilities to determne if

repl aci ng conventional washi ng machines with horizontal -axis
machi nes wi Il prove beneficial.

5.2.7 D shwashers

5.2.7.1 Conventional and Water-Efficient. D shwashers can be
classified as residential or commercial. The famliar rack type
di shwashers are used in residential households. Comercial type
di shwashers are used in cafeteria or restaurant facilities.
Commerci al di shwashers or “warewashers” are available in a

vari ety of rack and conveyor designs. They are either high
tenperature-rinse or | ow tenperature-rinse machi nes, neaning they
rinse and sanitize the dishes with either 180 degrees Fahrenheit
(82.2 degrees Cel sius) or 140 degrees Fahrenheit (60 degrees

Cel sius) water, respectively. In conveyor dishwashers, the

di shes are placed in a tray on a conveyor and passed into the

war ewasher after manual pre-rinsing. Wirewashers use
approximately 1-1.5 gpm (3.8-5.7 | pn) dependi ng on desi gn and
features. Conventional ol der rack washers use between 9 and 12
gpc (gallons per cycle) (34-45.5 Ipc (liters per cycle)). Most
new resi dential dishwashers currently sold use between 5 and 9
gpc (19-34 Ipc). They incorporate a variety of features that
allow themto conserve water, but which are primarily included to
conserve energy.

5.2.7.2 Operation and Mi ntenance Procedures. The follow ng
are water saving procedures to inplenent with existing
di shwashers:
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a) Locate and repair |eaks in hoses, spray rinse
fixtures, etc.

b) Wash only full loads in residential rack-type
di shwashers.

c) Use mninmumflow rates suggested by the
manuf act ur er.

d) For conveyor types, reduce flow rates for the pre-
wash spray, if present, to m ninmum acceptable |evels.

e) For conveyor types, ensure that the flow of water
stops when no di shes are present.

5.2.7.3 Retrofits. The following retrofits can save water with
exi sting di shwashers:

a) |Install pressure or flowregulators tolimt flow
to the manufacturer’s suggested | evel s.

b) Equi p conveyer types with an “electric eye” to
automatically shut off the water unless dishes are present.

c) For conveyor types, limt or elimnate scrapping
troughs (used to carry away food waste in a streamof water to
t he garbage di sposal).

5.2.7.4 Repl acenments. New rack-type di shwashers include one or
nmore features to aid in conserving water. One feature is an

i nproved spray arm geonetry, devel oped in Europe, which all ows
water to be sprayed alternately through the top and bottom spray
arms, instead of both at once. Less water is used while the wash
quality remains the sane. Qher features include an inproved
sunp fill control that nakes use of tiners to control the vol une
of water initially admtted to the di shwasher, and an inproved
sunp geonetry that protects the punp (fromdrawng in air) with a
smal | er volune of water. Additionally, inproved filters and nore
efficient notors permt enhanced cl eaning power with | ess water.

Newer commerci al warewashers al so make use of the
booster heater. Moreover, since |arge anounts of water are used
in the pre-rinse phase of commercial di shwashi ng, manufacturers
are devel opi ng net hods and equi pnent to reduce the anount of
water used for this stage. One nethod is called ultrasonic pre-
rinse. As the nanme inplies, the rack of dishes is imersed in a
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| arge tank of hot water with detergent and ultrasonically cleaned
(with sound waves) for a specified period of tinme. Food residue
is loosened fromthe dishes that are raised out of the tank,

drai ned, and sent on to the warewasher. Less water is consuned
and the food residue is filtered and dunped into the trash
instead of being rinsed into the garbage disposal.

5.2.7.5 Problens and Pitfalls. Today’'s di shwashers are geared
primarily towards saving energy. Research on the many different
brands and styles is needed to select one that is also highly
water-efficient. Sonme nodels are better than others.

Concerni ng commerci al warewashers, the | owtenperature
rinse units may use |less energy but require nore water and wash
fewer racks per hour than the high-tenperature rinse units. They
al so use nore detergent. Sone nodels do not have interna
heaters to ensure that the water tenperature does reach 140
degrees Fahrenheit (60 degrees Celsius), so the water used may be
even cool er than this, depending on the tenperature of the
incom ng water or how long the water sits in the fill tank.

Lower water tenperatures may lead to |l ess effective rinsing and
i ncreased residue on the dishes. This is an inportant factor in
commerci al applications where the cleanliness of the dishes is
nmost critical. Gas booster heaters (rather than electric ones)
al l ow high-tenperature rinse warewashers to still be energy
efficient while (nore) effectively cleaning the dishes with | ess
water than a | owtenperature rinse washer.

5.2.8 Garbage Di sposals. Although newer technol ogy has

i nproved the disposal’s waste grinding ability, the garbage

di sposal’s use of water is primarily dependent on the user.
Since it is not absolutely necessary to dispose of food waste
down the sewer, you may want to consider elimnating garbage

di sposals in new construction at your facility. This could,
however, create dissatisfaction and pl unbi ng probl ens, as
occupants nmay dislike the inconveni ence of not having a garbage
di sposal and may attenpt to use the sink as a food dunp anyway.

For existing garbage disposals, public education is the
key. Encourage users to utilize the garbage disposal sparingly,
and to use only the m ni num anount of water necessary to flush
the food waste down the sewer. Discourage using the garbage
di sposal for inappropriate itens such as bones, cooking grease,
fat gristle, nut shells, etc.
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5.2.9 Wat er Softeners. Water softeners are generally used
for hot water applications such as boiler feedwater and bat hing.
Wat er softeners are another appliance in which the water use
primarily depends on the operator. Consider elimnating water
softeners where not needed, e.g., geographical areas where the
tap water is not excessively hard, and for applications such as
dri nki ng, |andscaping, and toilet flushing.

5.2.9.1 Operation and Mi ntenance Procedures. The follow ng
are water saving procedures to inplenment with water softeners:

a) Set the softener controls to start the softening
and regeneration process only when needed.

b) Locate and repair |eaks in plunbing connections.

5.2.9.2 Repl acenents. New softener nodels nmay conme with water-
efficient regeneration cycles.

5.2.9.3 Problens and Pitfalls. Water softeners create cal ci um
sl udge when softening hard water, which may adversely affect the
out goi ng sewer line. Check that your softener units are only
runni ng when necessary to reduce the anmount of sludge. Using a
hi gher quality softener salt may al so hel p.

5.3 | ndustrial Operations

5.3.1 Washrack Ceaning Facilities. The mlitary maintains
numerous facilities for washing and rinsing its aircraft and
vehicles. These washrack facilities enconpass aircraft, wheeled
vehi cles, and track vehicles (such as tanks). Wth so many
facilities using | arge amounts of water on a regular basis, they
are an excellent candidate for water conservation.

5.3.1.1 Conventional and Water-Efficient. The categories of
wash facilities can be grouped according to the type of
wastewater emtted fromeach. Figure 12 shows five typica
washrack groups with correspondi ng water requirenents, typica
wast ewater quantities. Newer, comrercially avail abl e washrack
equi pnent will wusually include sone of the retrofits and
recycling options listed below It is not feasible to give
preci se water or cost savings for inplenenting these options,
since each facility is unique in its function, setup, and usage
rates. It can be said, however, that data collected from Arny
installations that have inplenented these neasures indicates
wat er savings of up to 70 to 80 percent have been realized. The
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initial capital cost of installing a recycling systemcan range
from approxi mately $20K to several hundred thousand, depending on
t he technol ogy enpl oyed.

5.3.1.2 Operation and Mi ntenance Procedures. The foll ow ng
mai nt enance procedures can hel p conserve washrack water use:

a) A periodic check of equipnent for malfunctions or
leaks is a sinple but effective way to conserve washrack water

b) |If detergents are used, use high quality detergents
Wi th superior cleaning power. This, conbined with good
rinsability, will shorten the length of tine required to clean
each vehicle or aircraft.

5.3.1.3 Retrofits. For existing wash facility equi pnent, there
are several |ow cost neasures that are capabl e of saving
significant anmounts of water.

a) Tinmers - useful in aircraft rinsing facilities, but
not for washrack units since each vehicle or aircraft nust be
washed until sufficiently clean. The timng is different for
each run and shoul d not be preset.

TYPE OF FACILITY WATER REQUI RED AVERAGE WASTEWATER
PER | TEM PRODUCED
GALLONS LI TERS GALLONS LI TERS
Aircraft R nsing 1000- 3000 3785-11350 1750 6625
(heli copter) (hel i copter and
Aircraft Washrack 200 760 aircraft)
Pl atform (aircraft) 2000 7570
2500- 3000 9460-11350
Aut oot i ve Vehicle 100- 1000 380- 3785 600 2270
Washr ack dependi ng on size
Tracked Vehicle 1000- 3000 3785-11350 2000 7570
Washr ack
Aut onoti ve Vehicle sane as autonotive sane as autonotive
Mai nt enance washr ack washr ack
Figure 12

Washrack Water Requirenents
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b) Spray apparatus - automatic spray heads are
recommended for aircraft rinsing, but not for washing, for the
sanme reason |isted above.

c) Automatic shutoff spray nozzles - these devices are
designed for facilities wth manual rinsing. They are the sane
basi ¢ design as a garden spray nozzle. Considering that water is
usually left on during the entire tinme a vehicle or aircraft is
washed and rinsed, the automatic shutoff spray nozzle can save
tens to hundreds of gallons per run.

d) Low flow and high pressure hot water units - can
reduce the anmount of water and solvents used by facilities for
cl eani ng engi ne conponents. The standard nethod for cleaning
engi ne parts has been to use organic solvents or | ow pressure
cold water. Hi gh-pressure hot water greatly reduces the required
anmount of water and sol vents, which may require handling as
hazardous waste. Reduction in solvent use also contributes to
the installation’s pollution prevention goals.

e) Pre-wash areas - for tracked vehicle washracks with
recycling systens, to elimnate a majority of the coarse dirt so
that it will not enter into and clog up the treatnent system

5.3.1.4 Water Recycling, Reclamation, and Reuse. The
costliest, but nost highly effective way to reduce water usage at
wash and rinse facilities is to inplenent a wastewater recycling
system The type of wastewater treatnent systemyou choose wl|
depend on the configuration of your facility. Figure 13 shows
possi bl e water recycling systens for two conmon types of
automatic vehicle washracks; (1) tunnel (gas station car washes)
and (2) rollover. Passing through these systens, treated
wastewater is recycled back to the washrack for reuse.

a) Recycling. Renmenber, the treatnent system nust be
capabl e of providing water with acceptable quality before it can
be recycled. The recycled water’s quality depends on what system
conponents are used and the conponents of the incom ng water.

The water used on wash racks needs to be relatively free of
abrasive materials, oils, or salts that m ght damage or stain the
vehi cl es you are washing, and it also nmust be free of chem cal or
bacterial agents that m ght harmthe operators of the washrack.
Wast ewater treatnent systens are likely to contain the foll ow ng
conponents: sand traps, oil and water separators, screen filters,
coarse/polishing filters, and storage tanks for the treated
wat er .
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b) Reuse. Water reuse fromor to other industrial
applications is another alternative. Vehicle washrack effl uent
may be directly used in nmetal cleaning and painting applications,
depending on its quality, for prelimnary or internediate
cleaning and rinsing stages. Water discharged from cooling tower
bl eed-of f or boiler blowdown may be used for washracks after
m ni mal treatnent.

c) Reclamation. Treated sewage effluent may al so be
used but only with proper treatnent and should only be used for
presoaki ng or first-wash stages.

d) Retrofits. To determne what retrofit or recycling
options are suitable for your facility, you need to collect field
data and performa cost analysis (refer to the “DoD Energy
Manager’ s Handbook” for conplete details on devel oping a cost
analysis). The following information will assist you in
devel opi ng the cost anal ysi s:

(1) Daily water usage for each facility (use
flowreters to calculate the flow vol une).

(2) Types of equipnent used.

(3) Manpower and tinme required for each wash and

rinse.

(4) The nunber of vehicles or aircraft washed
daily.

(5 The quality of your effluent water.
5.3.2 Plating Facilities. The mlitary operates a nunber of

plating facilities that enconpass a variety of processes,

i ncludi ng hard chronme plating, nickel, zinc, or cadm um pl ating,
et ching, and phosphating. Plating is a general term describing
the practice of applying a surface coating to a netal or
nonnetallic itemto inpart corrosion resistance, wear resistance,
or for decoration. The process of plating involves several
steps, including surface preparation, plating, and post-
treatnent. Al of these steps incorporate rinsing procedures to
remove residues fromthe previous step. R nsing uses a majority
of the water utilized in plating operations and is, therefore,
the prinme target for water conservation.

42



M L- HDBK- 1165

5.3.2.1 Conventional and Water-Efficient. Conventional plating
facilities are those which do not incorporate the retrofit or
recycling options discussed bel ow. Typical features of a
traditional, water-wasting facility include continuous overfl ow
rinse tanks, contam nated plate bath solutions that are

di scharged instead of repurified, lack of drip trays or splash
guards, short drip tinmes resulting in excessive drag-out of bath
contam nants, and overcrowded racks.

As for washrack facilities, it is difficult to predict
what the exact water and cost savings wll be for your particular
facility when you inplenent the described water conservation
measures. However, fromthe data collected at facilities that
have i npl emented these neasures, water savings of approximtely
50 to 90 percent have been realized. Using a water recycling and
reclamati on systemal so greatly reduces sewage and hazardous
wast e costs, which can be significant for |arge-scale plating
shops.

5.3.2.2 Operation and Mi ntenance Procedures. The follow ng
are sinple, |low cost procedures that can save significant anmounts
of water:

a) Locate and repair | eaks.

b) Do not overcrowd parts on the racks.

c) Oient parts on the rack so they are tilted or
ti pped to all ow proper drainage of planar surfaces, and to reduce
the surface area of the part which contacts the bath solution
| ast.

d) Cover bath tanks when not in use.

e) Lengthen drip tine to reduce drag-out of bath
cont am nants.

f) Avoid flooding with water as a cl ean-up net hod.
g) Shut off water flow to rinse tanks when not in use.

5.3.2.3 Retrofits. The followng are retrofit alternatives
that are low to noderate in cost:
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a) Flowrestrictors or control systenms - restrictors
for manual control and controller systens for automation of the
flow of freshwater into the rinse tanks.

b) Conductivity controllers - devices used to neasure
the total dissolved solids in the rinse water and automatically
adj ust flow control val ves.

c) Drip trays (or bars) and drain boards - devices
t hat reduce drag-out during transportation of an item between the
plating and rinse tanks by collecting the | ost solution and
returning it to the plate bath. Figure 14 illustrates such
devi ces.

d) Splash guards - devices which reduce spillage of
bath or tank solutions caused by novenent of the itemin and out
of the tank.

e) Wetting agents - cause plating solutions to fl ow
nore easily over and attach evenly to the surfaces of the
wor kpi ece. This reduces drag-out.

f) Automatic nozzles - for use on continuous flow
rinse tanks, these devices allow the operator to shut off the
wat er when not needed, elimnating continuous water flow.

g) Tinmers - allowthe feedwater to the rinse tanks to
be automatically shut off when fresh feedwater is not required.

h) Air knives - devices which work by using air
streans to bl ow of f excess solution fromthe plated parts. The
excess solution then drops back into the tank, reducing drag-out.

i) Spray rinses - several spray heads are nmounted in a
tank chanber and either manually or automatically controlled to
rinse the workpiece as it is drawn out of the tank. Spray
rinsing is not recomended for parts with many sides or snall
crevices, as the spray will not reach these areas as effectively
as a dip rinse.
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T
e
Drip Bar
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. Ri nse or
Pl ating Bath Drip Tank
Rot ati on of drum renoves process sol ution.
Drain boards provide areas to capture drag-out w thout
interfering with the plating tank.

Figure 14
Drain Board and Drip Bar

j) Static tanks - use nore than one rinse tank, making
the first one a “static” tank. That is, do not use a continuous
overflow tank that is continuously diluted with fresh incom ng
water. Most of the drag-out fromthe plated piece can be rinsed
into the static tank, |eaving the next rinse tanks cl eaner
| onger. The static tank can be refilled as needed, and when
concentrated nmay be recycled or disposed of as waste.

k) Muiltiple countercurrent rinse systens - enpl oy
several tanks that all use the sane freshwater feed. The plated
parts are successively rinsed in tanks with increasingly clean
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water. The water flows in the opposite direction and exits out
the first and dirtiest rinse tank.

5.3.2.4 Water Recycling, Reclamation, and Reuse. The
procedures and retrofits described above will significantly
reduce the amount of water used in rinsing processes. To avoid
wast ewat er di scharge altogether (zero discharge), or to at |east
mnimze it, the inplenentation of a recycling or reclamation
systemis recomended.

a) Recycling. One type of recycling systemthat
recycles the rinse-water one or nore tinmes then discharges it is
called “reactive rinsing”. It is |ess expensive than
countercurrent rinsing since it does not require extra tanks.
Reactive rinsing can be inplenented in one of two ways; (1)

i ntraprocess or (2) interprocess.

b) Intraprocess. |Intraprocess reactive rinsing can be
used for a single plating process that enpl oys several different
bat hs and several rinse tanks to rinse away each sol ution.

I nstead of using fresh water for each rinse tank, the discharge
fromone tank is used as the rinse-water in another tank, if
appropriate (neaning the chemcals wll not harmthe second tank
rinse). Thus, the water is reused in the plating process before
bei ng di schar ged.

c) Interprocess. Interprocess reactive rinsing can be
used when there are nore than one plating processes operating
si mul taneously. Instead of requiring a separate freshwater feed

line for every rinse tank, rinse-waters fromrinse tanks in one
process are reused in the rinse tanks of another process.

d) Reclamation. Reclamation of used rinse-water or
pl ate bath solutions for use in the sanme processes requires a
nmore costly and conpl ex approach. There are several separation
technol ogi es avail able that are designed to recover plating
metal s, acids and other chem cals fromthe water, but not
specifically to conserve the water. |If beneficial use of the
water itself is the focus, any treatnent technique nust be
capabl e of producing reclainmed water that is suitable for use in
either the rinse tank or plate bath. The major separation
technol ogi es include: ion exchange, reverse osnosis,
evaporation, and diffusion dialysis or electrodialysis.
Filtration should be used as a pretreatnent for these nethods to
first renove undi ssol ved, suspended inpurities in the water. A
description of each is provided here.
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e) lon exchange. |lon exchange is the sanme nmethod by
whi ch water softeners work. For plating rinse-waters, beds of
“ion exchanging” resins retain ions (charged particles) of
pl ati ng chem cals (netals) which have been dragged into the
rinse-water fromthe plate bath solution, and exchange t hem
(release into the water) with other ions harmess to the rinse-
water’s application. The retained netals in the resin are then
extracted by regeneration. During regeneration, a strong acid or
base is used to recover the plating ions by exchangi ng them for
the original resin ions. Depending on the purity of the
recovered netals, they can be added back into the plating
solution. lon exchange systens can be set up to regenerate
automatically, but still require nore operator attention and
mai nt enance than ot her recovery technol ogi es.

f) Reverse osnbsis. Reverse osnosis (RO uses
menbranes instead of resins to separate netal salts fromrinse-
water. Rinse-water is purified by forcing it through the
menbranes at high pressure, |eaving behind the netals. RO
menbranes are sensitive to oxidizing chemcals and extrenely | ow
or high pHs, and are susceptible to fouling in concentrated or
hard water sol utions.

g) Evaporation. Evaporation sinply involves boiling
off water fromthe contam nated rinse-water, condensing the
purified water vapors for reuse in the rinse tank, and returning
the concentrated |l eftover netal solution to the plate bath.
Evaporation requires thermal energy to operate and thus needs a
rinse-water solution of sufficient original plating netal
concentration to be cost effective.

h) Diffusion dialysis or electrodialysis. D ffusion
dialysis or electrodialysis are nore recently devel oped net hods
than the technologies |listed above, and their effectiveness is
still being researched and refined. Dialysis, |ike reverse
osnosi s, uses nenbranes to separate netals fromrinse-water
| nstead of high pressures, the separation occurs by either
pl aci ng an el ectrical charge on the nenbranes, or by the
phenonmenon of diffusion. |In electrodialysis, charged nenbranes
allow ions of the same charge to pass through. By alternating
negati ve and positively charged nmenbranes, the incom ng netals
can be separated fromthe rinse-water. Electrodialysis requires
relatively little mai ntenance and can operate continuously
W t hout regeneration. In diffusion dialysis, solutes (netals,
acid) nove from areas of high concentration to areas of | ow
concentration based on their individual diffusivity, or ability
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to travel through the nmenbrane pores. Diffusion dialysis is used
to separate clean acid fromnetal contamnants in acid baths.

D ffusion dialysis can operate continuously w thout regeneration
and only requires an electrical source to drive the peristaltic
punp. Relatively low flow rates nmust be used to ensure proper
separation meking diffusion dialysis a slow recovery process.

i) Filtration. During the plating process, inpurities
are introduced into the plate bath solution from several sources:
t he workpi ece, the water or chem cals used to make the plating
solution, and fromdrag out of the previous tank. Additionally,
in the rinse-water recovery process, along with the desired
pl ati ng chem cals, sonme undesirable inpurities will also be
separated fromthe rinse-water and returned to the plate bath.
This accelerates the level of inpurities already present in the
bath. Consequently, plate bath solutions nust periodically be
purified. Filtration conbined with electrolytic mgration is a
technol ogy that can be enployed for this and invol ves
el ectronotively forcing positively charged inpurities through a
filter and collecting themon a cat hode.

5.3.3 Metal Cleaning Facilities. Metal cleaning is an
operation enployed in a variety of mlitary facilities to prepare
metals and netal parts to performsatisfactorily in their

i ntended applications. Exanples of mlitary facilities that
require nmetal cleaning include aircraft repair facilities,

el ectroplating facilities, machine shops, paint shops, and ship-
fitting facilities. Metal cleaning involves using chemcals to
remove dirt, oil, grease, rust, or other contam nants fromthe
metal’s surface.

Just as for plating processes, the rinse stage of the
met al cl eaning process uses the majority of the required water.
Rinsing is either conducted by spraying the netal piece or by
dipping it into arinse tank. Generally the rinse tank nethod
consunes significantly nore water than spraying. Used rinse-
water will contain the chem cal (s) used to clean the netal, as
dipping it into arinse tank. Generally the rinse tank nethod
consunes significantly nore water than spraying. Used rinse-
water will contain the chem cal (s) used to clean the netal, as
well as the nmetal contam nants thenselves. Chemcals typically
used for netal cleaning are solvents, acids, detergents, or
al kal i ne substances. The rinse-water nust be of sufficient
quality so that the nmetal parts are not contam nated when sprayed
or di pped. Check the process specifications for the tolerable
contam nation levels for netal cleaning rinse-water.
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Contam nated parts will also add the contam nants to the next
process tank.

5.3.3.1 Wat er Recycling, Reclamation, and Reuse. Water
conservation options for netal cleaning facilities that use rinse
tanks are simlar to those for plating facilities. The increased
conplexity of sone netal cleaning rinse solutions may make
reclamation efforts nore difficult. Reclamation for rinse-water
with organi c sol vent contam nation, for exanple, may require
extra treatnment steps to extract the solvent. The anount of
fresh or reclainmed water needed for the rinse tank may be reduced
by reusing water from other sources such as cooling tower

di scharges and boiler blowdown. Typically, these waters w ||

meet the water quality standards for the process specifications.
The vol unes of wastewater produced fromthe spray techni que may
not be | arge enough to warrant inplenenting retrofits, recycling,
or reclamation systens.

5.3. 4 Pai nting/Paint Stripping Facilities

5.3.4.1 Conventional and Water-Efficient. Painting of itens at
mlitary facilities is usually conducted in hangars (aircraft) or
in spray paint booths using spray applicators.

a) Paint spray booths. Witer is used in spray booth
ventilation systens to trap paint particles in the air and flush
them away fromthe operator’s breathing space. The water is
supplied froma tank and is constantly circul ated through the
systemwhil e the booth is used. Upon replacenent with fresh
wat er, the paint-contam nated water |ikely requires handling as
hazar dous wast e.

b) Paint stripping. Paint stripping of itens at
mlitary installations is also conducted in hangars or other
isolated work areas. Water is used as a rinse to clean off the
applied chemcal stripper and the | oose paint. Depending on the
size of the object, the quantity of rinse water can be
significant. |Itens such as aircraft are spray rinsed, snmaller
itens are generally dipped in rinse tanks.

5.3.4.2 Oper ati onal and Mai ntenance Procedures. The sinpl est
conservation option for paint and paint stripping facilities is
to alter operational procedures, however, any alterations of your
operating procedures nust not conflict wth the manufactures
specified paraneters. Therefore, before attenpting any of the
suggestions bel ow, consult your manufacturer’s recomended
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operating procedures. |If these conservation options appear to be
applicable to your operation, it is still highly recomended that
you periodically check your operations to insure that the

equi pnrent is still operating within the manufacturer’s

recommendat i ons.
a) For paint spray booths:

(1) Reduce the flow of the water to m ni mum
levels that will still catch the airborne paint.

(2) Re-circulate the water nore tinmes through the
booth before replacing it.

b) For paint stripping facilities:

(1) Squeegee off used stripper and | oose paint
instead of flushing with water in spray rinsing applications.

(2) Repair leaks in rinse tank connecti ons.

(3) For rinse tanks, many of the water
conservation neasures used in plating facilities can be applied.

5.3.4.3 Repl acenent s

a) Paint spraying booths. For paint spraying booths,
the wet spray booth can be replaced with a dry spray booth. A
dry booth uses filters instead of water to extract airborne paint
particles fromthe atnosphere and exhausts any sol vent funmes as
well. This systemelimnates the generation of wastewater that
must be treated on-site or disposed of as hazardous waste. The
filters are sinply exchanged when they becone foul ed. However,
the dry filters, contamnated with paint, are also likely to
requi re handling as hazardous waste. Dry spray booths are
relatively lowin cost and easy to install. Figure 15
illustrates two types of spray booths nust be treated on-site or
di sposed of as hazardous waste. The filters are sinply exchanged
when they becone foul ed. However, the dry filters, contam nated
with paint, are also likely to require handling as hazardous
waste. Dry spray booths are relatively lowin cost and easy to
install. Figure 15 illustrates two types of spray booths.

Anot her option for painting smaller parts is to repl ace
the traditional liquid coatings with powler coatings. Powder
coatings are attracted and attached to the workpi ece surface in
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the formof charged particles, then permanently fused to the
surface with high tenperature baking. Using powder coatings
elimnates the need for exhaust vents and scrubbers for funes and
wat er sprays for paint collection, and will not produce “paint
overspray”. No hazardous wastewaters are generated. The cost of
installing a powder coating booth systemis conpetitive with
installing a liquid coating booth.

b) Paint stripping facilities. For paint stripping
facilities, the nmethod of Plastic Media Blasting (PMB) may be an
appropriate replacenent for chemcal strippers. The plastic
beads used for blasting are nontoxic and will not harm or etch
the workpiece’s surface (as sand blasting may). A PMB system
al so includes a nedia reclamation device to collect and recycle
the plastic beads after use. Dangerous solvent strippers and
water used for rinsing are elimnated. No hazardous wast ewat er
is generated. However, the spent bead nedia nust be eval uated
for hazardous contam nation prior to disposal

5.3.4.4 Water Recycling, Reclamation, and Reuse. Wastewater
frompainting or paint stripping facilities may contain a nunber
of hazardous chem cals, nmaking it difficult to reuse in the sane
process. Water reclamation may, however, be possible for uses
such as irrigation. Still, depending on the conplexity of the
wast ewat er, extensive treatnment m ght not be cost effective.

Alternately, water from other sources can be used in
paint stripping rinse tanks and paint spray booths, as |ong as
the water neets the quality standards in the process
specifications. As for nmetal cleaning facilities, cooling tower
di scharge and boil er bl omdown water nmay be suitable water sources
for painting or paint stripping rinse water.

5.3.5 | ndustrial Laundries

5.3.5.1 Conventional and Water-Efficient. The conventional and
new desi gns of washers, along wth their correspondi ng water
consunption, are discussed in paragraph 5.2.6. Front-| oading,
hori zontal -axis washers are a nore common sight in comrercial and
industrial laundry facilities than they are in residential hones
and thus these facilities are nore advanced in the practice of
regularly conserving water. Mst large industrial or
institutional |aundries use what are terned “washer/extractors”
that are larger versions of the residential washer and provide
nore cycle options.
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Two Types of Spray Booths

The mlitary operates laundry facilities to clean
linens, uniforms, street clothes, etc. The laundry facility may
be a self-serve | aundry where base residents and personnel wash
their owmn clothing, or it could be a comrercial -type | aundry
servi ce where base residents drop off laundry to be washed or dry
cleaned, or it may be an industrial laundry facility where |arge
vol unes of governnent-owned |inens and uniforns are cl eaned.
Large anmounts of water are regularly used in industrial
| aundri es, making themhighly suitable for a water conservation
program
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5.3.5.2 Operation and Mi ntenance Procedures. The procedures
in 5.2.6.2 can be applied to industrial laundries that use
conventi onal washers.

5.3.5.3 Retrofits. The only retrofits for industrial |aundries
woul d be the addition of recycling equipnent. Refer to par.
5.3.5.5.

5.3.5.4 Repl acenents. Besides replacing top-Iloading, vertical
axis washers wth horizontal -axis nodels, there are two ngjor

repl acenent options which may be considered: (1) tunnel washers,
or (2) ozone |aundering. These are best suited for |arger

i ndustrial or comercial type laundries, rather than self-service
| aundri es.

a) Tunnel washers. Tunnel washers, also known as
conti nuous batch washers, are heavy-duty, nmulti-tank systens for
use in large industrial laundries. They are capable of handling
up to 2000 pounds (4400 kil ograns) of l|aundry per hour, although
smal | er versions are manufactured al so. These washers work by
automatically noving batches of |aundry fromone tank to another
and agitating the batches in each tank. The fresh water flows in
the opposite direction, nmuch like a plating facility
countercurrent rinse system fromthe cleanest tank (rinse) to
t he washi ng tanks. Continuous batch systens are costly to
install (up to several $100,000), but are capable of saving 60-70
percent of the volunme of water used with a washer-extractor, and
require |l ess operating and mai ntenance | abor. The system nodul es
use nore floor space than extractors, but al so handl e nore
| aundry.

b) Ozone laundering. Ozone |aundering, a fairly new
process on the market, could be considered a type of retrofit for
commercial laundries’ existing washers, but it cleans the |aundry
by such a uni que approach, it is nore accurately described as a
replacenent for the regular way of washing. Ozone |aundering is
suited for lightly to noderately soiled laundry. It uses no
detergent (although a separate tank for detergent washing is
sonetinmes used for final cleaning of heavily soiled itens), uses
only cold water (absorbs ozone better than warm, and recycles
wat er .

Ozone-generating equipnent is attached to the washer as
a closed-1oop system It generates the ozone that saturates the
cold water supply. The saturated water is then used as the wash
water. Ozone is a known powerful disinfectant and oxidi zi ng
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agent and thus acts like chlorine, elimnating the need for
detergents, thus dimnishing the rinse cycles and rinse water

di scharge. Filters are used to collect dirt and residue fromthe
water before it is resaturated with ozone and returned to the
wash cycl e.

Al t hough ozone is considered toxic at certain
concentrations, equi pnent manufacturers claimthat ozone
| aundering systens rel ease | ess ozone to the atnosphere than a
copi er machi ne and ozone rapidly degrades in water to nol ecul ar
oxygen, so there is no danger in handling the wet |aundry after
the cl eaning process has finished. Ozone |aundering has been
used at several large institutions wwth good results. It is
capabl e of cleaning the laundry w thout substantial graying or
degradation of the fabric.

5.3.5.5 Wat er Recycling, Reclamation, and Reuse. Rinse water
can usually be recycled to the wash cycle for the next |aundry
load with no chem cal treatnent, however, the addition of sone
fresh water is required to bring the water quality to desired

| evels for use in the wash | oad, and sone filtering may be needed
to catch lint and sedinents. Inplenenting a rinse recycling
systemis relatively inexpensive and can reduce water usage by 30
percent. Washwater, on the other hand, nust be treated before it
can be recycled back into the wash process. Figure 16 gives the
typical “before and required-after” chem cal conposition of

| aundry water. Many washwat er recycling treatnent systens use

i norgani ¢ coagulants to draw out water inpurities in the form of
a sludge. Qher systens use step-w se processes, including
filtration and carbon adsorption, to renove various wastewater
conponents. Depending on effluent quality, rinse or washwater
uses electricity to generate the ozone, causing an increase can
be reused as graywater for applications such as irrigation and
prelimnary rinsing at washracks.
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Par anet er Raw \Wast ewat er Recycle Criteria
(mg/ L) (mg/ L)
Benzene 2/'5 0/1
Bi ochem cal Oxygen
Denand ( BOD) 1, 300 30
Chl or of orm 3.3 0.1
Chrom um 0. 88 0.1
COoD 5, 000 100
Copper 1.7 0.1
Lead 4.5 0.1
Ni ckel 0. 29 0.1
Ol & Gease 1,100 10
Per chl or oet hyl ene 9.1 0.1
Suspended Sol i ds 1, 000 * kX
Tol uene 5.2 0.1
Zi nc 3 0.1
Col or --- * ok x
Har dness --- 50 ng/L as CaCO3
Cdor - * % %
pH - - 7 -8
Total Dissol ved
Sol i ds --- 2,000

Not e:
***  None All owabl e, nust be bel ow detection limts.

Figure 16
| ndustrial Laundry Water Quality

5.3.5.6 Problens and Pitfalls. Ozone |aundering in energy
demand for this system However, this increased energy denmand
can potentially be offset by the savings in energy not expended
on wat er heating.

For recycling and reuse, the main concern is nmaking
sure the water quality is at acceptable levels for the water’s
future application. Bacterial control is especially inportant in
medi cal settings.
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5.4 HVAC Equi pnent

5.4.1 Cool i ng Towers, Evaporative Cool ers, and Once- Thr ough
Cool i ng Syst ens.

5.4.1.1 Conventional. Cooling towers, evaporative coolers, and
once-t hrough cooling systens are sone of the |argest users of
water in facilities with air conditioning or cooling |oads.

Recal | Figure 5, which showed how nmuch water is used by office
bui I ding cooling and heating systens. Only restroons consume
nore wat er.

a) Once-through cooling. Once-through cooling systens
are used for evaporative coolers, ice-makers, hydraulic
equi pnent, and air conpressors. They do not recirculate the
wat er, discharging it after using it once. Once-through cooling
wast es wat er.

b) Cooling towers. Cooling towers are the nost common
type of cooling systemfor large cooling |oads. Cooling towers
are used to cool equipnment such as air conditioning systens.

They work by circulating a streamof water to the equi pnent and
back. The circulating water is cool ed by evaporation. A water
spray travels against an air flowresulting in a portion of that
wat er evaporating. The water that is left is cooled by heat
exchange to the evaporated water droplets. The cool ed water
travels to the equipnent that requires it. There, heat is
transferred fromthe equi pnent to the water, and the warnmed water
then returns to the cooling tower to be re-cooled. Figure 17
shows a typical cooling tower in operation.

c) Water losses. Water loss in the recirculating
systemnornmally occurs in three ways: (1) evaporation, (2) bleed-
off and drift. Make-up water nust be added to the cooling tower
to replace the |l ost water. Evaporation is the natural process by
which the tower cools the water. It can be estimated that the
evaporation rate in a cooling tower equals approximtely 2.4 gpm
(9 'pm per 100 tons of (1.2 mllion BTU s per hour) cooling.
Drift results when water droplets are carried away fromthe by
the air flow Drift usually contains sedinment material and is
considered part of bleed-off. Only 0.05 to 0.2 percent

of the cooling tower’s water is lost through drift. Bl eed-off
is the portion of recirculating water that is purposely rel eased
fromthe tower to renove accunul ated inpurities. Suspended and
di ssol ved solids accunulate in the circulating water as
evaporation renoves pure water vapor and increases the
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concentration of inpurities in the water |left behind. The solids
are introduced into the water through the nmake-up water, fromthe
air used in evaporation, or through corrosion in the re-
circulating plunmbing. Bleed-off is the only use of water that
can effectively be reduced by water conservation.

5.4.1.2 Operation and Mi ntenance Procedures. The water
savings realized by inplenenting the foll ow ng suggesti ons depend
on your individual cooling system setup.

a) Locate and repair |eaks. Repair any mal functioning
equi pnent .

b) If a conductivity neter is installed, change the
met hod of rel easing bleed-off froma batch nmethod to a conti nuous
met hod. The batch nmethod i nvolves discharging a | arge quantity
of bl eed-off automatically when the water’s conductivity reaches
a certain preset level. This causes fluctuations in the
conductivity of the circulating water and causes the average
conductivity to be |l ower than necessary. Continuous, |ow volune
bl eed- of f keeps the conductivity steady at the desired | evel,
whi ch conserves water and reduces the need for treatnent
chem cal s.

c) Reduce the anount of bleed-off to the m ni num
vol unes that still produce acceptable circulating water quality.

d) Controlling the anmount of bleed-off by the use of
chem cal additives to the water can be consi dered a nai ntenance
procedure once established. (Chem cal treatnment nethods are
di scussed in 5.4.1.5)

5.4.1.3 Retrofits. The follow ng suggestions will aid in
reduci ng the anount of bleed-off to m ninumlevels consistent
wi th good operating practices:

a) Install floweters to nonitor the flow of both
make-up and bl eed-off water to determ ne any required flow
changes.

b) Install a conductivity neter to determ ne proper
frequency of bleed-off. (Refer to par. 5.4.1.2 (2))
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c) Install a timer to shut off the cooling tower when
cooling is not needed, such as at night when the facility is
unoccupi ed.

d) Sidestreamfiltration - water is tenporarily routed
away fromthe cooling tower through special filters that filter
out particles and suspended solids. The cleansed water is then
returned to the cooling tower for use, thus reducing bl eed-off.
The cost of inplenenting a sidestreamfiltration systemis
noderate and requires the addition of energy to run the water
punps. Also, sone solids are not as effectively renoved as
ot hers.

5.4.1. 4 Repl acenents. Replacing a cooling tower systemis a

| arge financial investnment and is generally not cost-effective
unl ess the existing cooling tower is extrenely old, corroded, or
mal functioning and un-repairable. It is the incorporation of the
above suggested procedures and retrofits which make the real
difference in water use. Once-through cooling systens, on the

ot her hand, should be elim nated when possible, since they waste
significant anmounts of water by not recirculating it. They can
be replaced by air-cool ed nodel s.

5.4.1.5 Chem cal Additives. The quality of the air stream

t hrough the cooling tower and the quality of the nmake-up water
are the major contributors to the quality of the circul ating
water. Accumul ation of contam nants fromthese sources in the
circulating water can lead to scale, corrosion, and biofouling of
the cooling tower. Scale is a filmof mneral deposits which
forms on the surfaces of the circulating plunbing, causing a
reduction in water flow and thermal efficiency. Corrosion in the
cooling water systemresults fromthe water being too acidic,
containing a | arge concentration of netals (causing gal vanic
corrosion), or being too high in oxygen content. Biofouling is
caused by the growth of algae or bacteria in the water to the
point that it inpedes proper water flow

a) Chemcals. Chemcals are generally needed in
cooling towers to control these contam nants that necessitate
bl eed-of f. By controlling scale, corrosion, biofouling, and
other foreign matter; chem cals reduce the anmount of Dbl eed-off
requi red and thus conserve water. O ganophosphates are typically
used as scale and corrosion inhibitors, while a nunber of
bi oci des, such as chlorine, inhibit fouling. These chemcals are
best introduced into the cooling tower system by automatic
feeders that respond to the conductivity of the circulating
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water. There are nunerous vendors avail able who specialize in
determ ning the proper types and dosages of chem cals for cooling
towers. A qualified vendor is one that is able to performto
specifications and maintain a preset |evel of water chem stry.

b) Sulfuric acid. There is a chem cal treatnent
approach that warrants special nention because of its
effectiveness in maintaining cooling tower water quality:
sulfuric acid treatnent. Sulfuric acid, when added to
recirculating tower water, |lowers the pH of the water and
“digests” netal solids such as cal cium bicarbonate (primary cause
of scale), thus solubilizing water sedinents. Sulfuric acid
treatment reduces the anount of bleed-off required by increasing
t he nunber of times the water can recirculate. Sulfuric acid is
corrosive, however, and care nmust be taken to ensure that workers
do not physically cone in contact wwth it, or that the cooling
tower systemis not damaged (corrosion) by adding too nuch
(causing a very low pH). The cost of incorporating and operating
a sulfuric acid systemis relatively low. D scharge of the bleed
of f may becone a problemdue to the | owered pH and sewer district
restrictions on allowing acidic solutions into the sewer. Due to
t he environnmental concerns associated with sulfuric acid, this
met hod should only be enployed if other alternatives are not
f easi bl e.

5.4.1.6 Ozone I njection. Ozone generators have proven very
effective in biocidal treatnment of circulating water in cooling
tower systenms. (Ozone injection has al so shown sonme effectiveness
in reducing system corrosion and scaling, although this process
may not preclude the need for chemcal treatnent. By adding
ozone treatnent you can increase the nunber of cycles of
concentration of your cooling tower water, reducing the water
usage accordingly. |If ozonation can replace the use of chlorine
or other toxic agents, this will also help the installation
attain its pollution prevention goals for toxic chem cal

reducti on.

5.4.1.7 Wat er Recycling, Reclamation, and Reuse. Depending on
the quality, the nmake-up water for cooling towers can conme froma
variety of sources such as once-through coolers, reject water
from RO systens, and high quality municipal wastewater effluent.

| ncom ng make-up water nmay need to be pretreated by ion exchange,
filtration, or linme softening.

a) Reuse. Cooling tower discharge is usable with
l[ittle or no treatnent in many applications that do not require a

60



M L- HDBK- 1165

high purity water. This depends on the |evels of contam nants
and/or additive chem cals present. Exanples include irrigation,
washracks (except final rinse), and paint booths.

b) Recycling. For once-through coolers, if they
cannot be elimnated, they could be converted to recircul ating
systens by connecting themto nearby cooling towers. The
exi sting recycling systens can be inproved, by nethods nentioned
above, and the circulation cycles could be increased. Exact
savings will depend on your individual set up, however, an
estimation can be made that for a 300-ton cooling tower operating
daily at 60 percent capacity, increasing the water circul ation
cycles (before bleed-off) from2 to 4 can save nearly 1.5 mllion
gallons (5.7 mllion liters) per year!

5.4.1.8 Magnets or Electrostatic Field Generators. You may
have heard clainms from sone manufacturers about the effectiveness
of magnetic or electrostatic systens to settle out contam nant
particles in cooling tower water by altering their charge. These
clainms are, to date, experinental, controversial, and unproven.
More investigation is needed before these treatnent systens can
be recommended (or disapproved).

5.4.2 WAt er Heaters

5.4.2.1 Conventional and Water-Efficient. Al though water
heaters are common in residential houses and offices, they also
supply hot water for industrial processes and thus wll be

di scussed here.

Wat er heater designs vary throughout the world.
Whereas the “tankl ess” water heater (discussed below) is common
in Europe, water heaters in the U S. and Canada are generally the
famliar large central tank type. They are either fuel ed by
electricity or natural gas, and have a thernostat, properly
called an “aquastat”, which activates resistance heating coils
inside the tank (electric) or the gas burner (natural gas) when
the water tenperature drops bel ow the setpoint. The newer water
heaters on the market are geared toward being very energy
efficient in conparison to older nodels. Conservation of water
in these new tanks occurs as a result of these energy efficient
features. For exanple, new water heaters allow better control of
the tenperature of the outgoing water that reduces the anmount of
wat er consunmed. You can inprove and maintain the water and
energy efficiency of your water heaters by inplenenting the
suggestions given below, as appropriate for your installation. A
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schematic of the inner conponents of a typical natural gas heater
is shown in Figure 18 for reference.

5.4.2.2 Operation and Mai ntenance Procedures. Proper

mai nt enance of existing water heaters is inportant because of two
maj or problens that affect them (1) scale or sedinent buil dup
and (2) corrosion. These problens, if |left unchecked, can
decrease the efficiency of a water heater or even destroy it.
Scal e and sedinent formin hard water environnments, corrosion
results when soft water is used (to control hard water deposits).
The hotter the water, the nore accelerated is the scale and
corrosion formation, due to the increased formation of corrosive
gasses |ike oxygen and |ine deposition. Scale, sedinent
accurul ati on, and corrosion decrease the water heater’s ability
to transfer heat to the water, causing it to consune nore energy.
Most water heaters enploy a “sacrificial” anode that is put in
the tank to preferentially corrode when galvanically coupled to
the tank. New water heaters also are usually lined with
fiberglass or plastic to protect nmetal parts from corrosion.

Even with these internal corrosion inhibitors, the foll ow ng

mai nt enance procedures should be perfornmed to keep the water
heater at peak performance:

a) Periodically (annually or as needed) drain the
wat er heater and flush out any sedi nents.

b) Inspect the anode and replace if conpletely
corr oded.

5.4.2.3 Retrofits. There are a nunber of retrofits that can be
performed on a water heater to save heat energy and consequently
conserve water

a) For new construction, |locate the end-use devices
closer to the water heater, and choose a heated area for the
wat er heater | ocation.

b) Install an auto-setback control - it adjusts the
aquastat setpoint to the required |evel right before a tine of
peak demand, then lowers it during periods of |ow demand.

c) Install a prem xed water distribution system- a
systemthat is installed between the water heater and the end-use
devices. It allows the user to control the water tenperature and
flowrate precisely by mxing hot and cold water in a central
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valve unit. This reduces the anmpbunt of water wasted attenpting
to achieve a desired tenperature.

d) Install a 360 degree |oop heat trap - an extra
circular or square |loop on both the inlet and the outlet pipes
j ust above the tank connections. This keeps water driven by
convection fromtraveling fromthe water heater.

e) An anticonvection valve could also used to inpede
convection-forced water flow. It works by using a floating bal
and seat. Currently, U S. manufacturers are providing these
valves (inlet and outlet) as standard equi pnment on heaters.

f) Hot water recovery system- mnimzes the | oss of
| eftover hot water in the distribution pipes by drawing it back
to the tank. This unit is generally not very large and is
mounted on top of the water heater.

5.4.2.4 Repl acenents. A d, inefficient water heaters should be
replaced with today’s energy efficient nodels. Avoid tall thin
tanks in favor of shorter, fatter ones that retain heat better by
reduci ng the outward surface area of the water.

Tankl ess water heaters, conmon in Europe, do not use a
storage tank, but instead heat water as it is drawn for a
particular task. This elimnates “standby” heat |oss experienced
in water heater tanks when there is no demand. Tankl ess water
heaters have Iimted flow rates and higher installation costs.
In a sense, they nmay actually cause the user to waste nore water
knowi ng that the hot water supply will never run out, as it does
in a tank system Tankl ess water heaters are well suited to
applications where continuous hot water is required for discrete
and known periods of tine, such as in gymor health club | ocker
r oons.
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5.4.3 Boi l ers and Steam Generators. Boilers and steam
generators are used at facilities that need | arge anmounts of
steam for heating or generating electricity. Boilers use varying
anounts of water to produce steam depending on their size. They
requi re make-up water to conpensate for uncoll ected condensat e,
or to replace bl owdown water. Blow down water is water
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periodically released fromthe boiler to renove accumul at ed
solids and sedinments. For a nore detail ed discussion of boilers
and steam generators refer to ML-HDBK-1152, Inspection and
Certification of Boilers and Unfired Pressure Vessels.

5.4.3.1 Operation and Mi ntenance Procedures. The follow ng
procedures will help conserve water in your boilers and steam
gener at or s:

a) Inspect the condensate return system or instal
one.

b) Inspect equipnent regularly.

c) Locate and repair leaks in the steamtraps and
distribution system Escaping steam wastes water and energy.
The steamtraps can also be easily replaced, if needed.

d Limt the anmount of bl owdown to the m ninmum
required for properly flushing the system and reaching the
desired water quality.

5.4.3.2 Retrofits. |Install a condensate return system This
all ows the condensate to be returned as nake-up water, saving up
to 50 - 70 percent of water use, while |lowering operational costs
due to the higher tenperature feed water

5.4.3.3 Repl acenments. Unless the existing boiler is very old
or beyond repair, it may be nmuch nore cost-effective to foll ow
t he suggestions above rather than to replace the system

Repl acenent systens vary according to size and application.
Consult a system vendor for advice about your facility.

5.4.3.4 Chem cal Use. The addition of corrosion and scale
inhibitors will aid the boiler to work nore efficiently, extend
its life, and reduce water consunption due to a | essened bl ow
down demand. Condensate return piping should also be chemcally
treated to reduce the corrosive effects of entrained oxygen and
carbon di oxi de. However, chem cal use should be m nimzed when
possible, in order to help the installation neet its pollution
preventi on goal s.

5.4.3.5 Water Recycling, Reclamation, and Reuse. Depending on
the water quality, boiler blowdown may be reused for other water
consum ng applications such as irrigation.
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5.5 Medi cal Facilities. QOher than the common wat er
demands for restroons, |aundries, and cooling & heating, nedical
facilities have sonme uni que water demands based on their use of
speci al i zed equi pnent. \WAter conservation options are presented
bel ow for this equi pnent.

5.5.1 X-ray Equi pnment. After x-rays are taken, special

aut omat ed processing equi pnent is used to develop the film
Water is used during the process to rinse the filmof its
devel opi ng chem cals and the silver conpounds used to create x-
ray i mages. There are several operational or equi pnent
nodi fi cati ons which can reduce the equi pnent’s water use.

5.5.1.1 Operation and Mi ntenance Procedures. The follow ng
| ow cost mmai ntenance procedures can help reduce the anmount of
wat er used in x-ray machi nes:

a) Locate and repair | eaks.

b) Adjust flowrates to the m ninumrates recomended
by the manufacturer.

c) Mintain the solenoid control valves in good
wor ki ng order.

5.5.1.2 Retrofits. The followng retrofit options can be used
to reduce water consunption:

a) Install flow neters to allow equi pnment users to
control the anmount of rinse water used by the processor. A flow
rate of 2 gpmis normally sufficient.

b) Add solenoid valves to shut off rinse and cooling
fl ows when processor is idle.

c) Install regulators to automatically Iimt the flow
rate of the rinse water.

5.5.1.3 Water Recycling, Reclamation, and Reuse. Reuse the
rinse bath effluent for make-up water in the devel oper sol ution.
| mpl ement a silver recovery unit to collect the val uable netal
for reuse in another application.

5.5.2 Sterilizers and Autoclaves. Sterilizers and autocl aves
can consune significant anounts of water depending on their age
(ol der units have little or no flow control) and rate of use.
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Sone facilities nay operate one or nore sterilizers 24 hours a
day. Below are sone suggestions to conserve water in these
units.

5.5.2.1 Operation and Mi ntenance Procedures. The follow ng
procedures will help nmaxi m ze your water usage:

a) Adjust flowrates to the mninmumrates reconmended
by the manufacturer.

b) Shut off the unit when it is not being used for an
ext ended period of tine.

c) Use a high quality steam supply for inproved water
efficiency.

5.5.2.2 Retrofits. The followng retrofits wll help reduce
the water usage of your autoclaves and sterilizers:

a) Install an automatic shut off controller to shut
down wat er supply when unit is not in use.

b) Install flow nmeters and controllers on ol der units.
5.5.2.3 Repl acenments. Wen purchasing a new unit, select one

with automatic shut down features and flow controls. Sone new
sterilizers also have recirculating capabilities.

5.6 Irrigation and Landscapi ng. Irrigation accounts for
approximately 25 - 30 percent of the total water use for urban
facilities. Inefficient irrigation and | andscaping practices are

estimated to waste 40 percent of the water. There are nmany water
conservation options available to reduce or elimnate this waste

and cut your facility water costs dramatically. Detail ed
gui dance on landscaping is presented in AWM s “Water-Efficient
Landscape Guidelines.” A good, mlitary specific, reference is

the “U S. Air Force Landscape Design Guide”.

5.6.1 Operation and Mi ntenance Procedures. For existing
| andscapi ng, the follow ng suggestions w Il apply:

a) Monitor for |eaks and cl ogged or nmal functioni ng
equi pnent. Repair as needed.

b) Place sprinklers or sprinkler heads strategically
so they water only the desired areas, not sidewal ks or roadways.
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c) Water in the norning rather than m dday or eveni ng.
Watering in m dday wastes water through high evaporation rates;
watering in the evening and | eaving the turf or plants wet
over ni ght encourages di sease.

d) Adjust the water schedule to seasonal water denand.

e) For nost |andscaping plants, water deeply and
infrequently, rather than lightly and often. This encourages
deep roots.

f) Mwturf to the proper hei ght dependi ng on type.
Decrease nitrogen fertilizers to inprove drought resistance.
Aerate turf soil and dethatch the turf to inprove water
penetration.

g) Control weeds to reduce conpetition for the water.

h) Water lowto the ground rather than high in the air
to reduce evaporation |losses and nore accurately project the
water to the desired area.

i) Use nmulches to retain noisture in the soil around
pl ants and shrubs.

5.6.2 Retrofits. The followng retrofit suggestions wll
hel p reduce water usage associated with | andscapi ng and
irrigation:

a) If watering is done manually, install an adjustable
sprayer on the hose. |If appropriate, install one that shuts off
automatically when the |lever is rel eased.

b) If an automatic irrigation systemexists, install
updat ed sensors and controls. Install a tinmer to automatically
activate sprinklers according to a set schedul e.

c) Install soil tensioneters to nonitor soil noisture.
Tensi oneters can be wired to the irrigation systenmis controller
to activate the sprinklers when the soil is dry.

5.6.3 Repl acenents. Repl acing an ol der sprinkler systemor a
manual one with an updated autonated system can save | arge
guantities of water. One replacenent option is to replace the
sprinkler heads. Sprinkler head design should be consistent with
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its desired watering function. For exanple, |owflow heads
shoul d be used in areas wth flowers, trees and shrubs, while
hi gher flow heads should be used for turf (where the water nust
be sprayed over its target area). Sone |ow flow heads are
referred to as “bubbl ers” because the water is bubbled rather

t han sprayed.

Anot her option is drip irrigation. Drip irrigation
delivers the water through small dianmeter tubes connected to
pressure-conpensating nozzles called emtters. Sone enmtters can
be buried bel ow ground (sub-surface) with their tips |ocated
slightly above grade to produce the water drip or trickle. \Water
flowis reduced fromthe normal gallons per m nute used by
traditional sprinkler heads to gallons per hour. A sinplified
version of drip irrigation is the “soaker” hose. A soaker hose
| ooks |i ke a garden hose but contains many tiny holes that allow
water to seep out very slowy to nearby plants. A soaker hose
can be buried under the soil surface and is an easy and efficient
alternative to manual hose watering. Mre sophisticated
subsurface irrigation systens are also available. Drip
irrigation is highly suited to gardens, shrubs, trees, and flower
beds.

5.6.4 Xeriscape. The word Xeriscape cones fromthe G eek
word “xeros” neaning “dry”. Xeriscape refers to a conprehensive
| andscapi ng programthat takes into consideration that water is a
preci ous resource that nust be conserved. It nmeans inplenenting
| andscapi ng procedures that will produce quality | andscapes with
limted water use. The benefits of Xeriscape are nunerous:
reduced water bills and mai ntenance, increased drought

resi stance, inproved aesthetics, and increased horticul tural
diversity, just to nane a few.

5.6.4.1 Pl anni ng and Design. Examne the site and all the
factors that wll determ ne the best design and choice of plants
for the area:

a) Drainage requirenents.

b) Sun exposure and areas of shade.

c) Drectional orientation.

d) Concrete areas.

e) Weather and precipitation patterns.
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f) Water availability and cost.

g) Existing plant or |Iawn | ocations and
characteristics.

5.6.4.2 Limted Turf Area. Part of Xeriscape involves
replacing areas of turf wth other plant materials. Turf uses
nmore water than nost other plants and thus it should be used
sparingly in your |andscaped areas. For remaining turf areas,
drought resistant species of grass that are native to the area
shoul d be selected. Figure 19 presents a nunber of drought
resi stant pl ants.

5.6.4.3 Efficient Irrigation. Many of the procedures and
repl acenents listed previously can be applied (e.g., watering in
t he norni ngs versus evenings):

a) Irrigate turf areas separately from other plants.
d) Separate high and | ow water use pl ants.

c) Dripirrigation and | ow volune spray or bubblers
for non-turf areas.

d) Catch rainwater and apply to irrigated areas.
e) Subsurface irrigation

5.6.4.4 Soil Inprovenents. Healthy soil reduces water use and
hel ps plants and turf to thrive:

a) Analyze soil to determ ne type and needed
treat ment.

b) Incorporate organic matter.

c) Till the soil to keep it | oose and aerat ed.

d) Incorporate water-retaining material into the soil.
5.6.4.5 Use of Miul ches. Organic mulches inprove the condition

of the soil and allowit to retain nore noisture. They also help
to control weeds.
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TREES SHRUBS- cont.
Acaci a (many) Artem sia
Aescul us californica Caesal pinia gilliesi

Al anthus altissimm

*Calistenon citrinus

Br ahea ar mat a

Cappari s spinosa

Cal ocedrus decurrens

*Car nage arborescens

Casuari na

Cassi a artemn sioi des

Ceratonia siliqua

Cat ha edulis

Eucal yptus (npst)

*Cercis occidentalis

Fig (edible) *Cer cocar pus
Ceijera parviflora *Chamaerops humlis
Gevillea Convol vul us oneor um

Koel reuteria panicul ata

Cot oneast er

Lyonot hammus f 1 ori bundus

Crassul a argent ea

Macl ura pom fera

Crassul a fal cata

Mel i a azedar ach

*Cupressus gl abra

O ea europaea

Cyti sus

Par ki nsoni a acul eat a

*Dal ea spi nosa

Pi nus (many)

Dendr omecon

Pi st aci a

*Dodonaea vi scosa

Popul us frenontii

Echi um

Quer cus (many)

El aeagnus

Rhus | ancea

Escal | oni a

Schi nus noll e

Fal | ugi a paradoxa

Sequoi adendr on gi gant eum

Fr enont odendr on

Tilia tonentosa Garrya
Tristania conferta Geni sta
U nus pum | a *Hakea

Val nut

Hyperi cum cal yci num

Zi zi phus j uj uba

*Lagerstroem a i ndica

Lant ana

SHRUBS

Lavandul a

Acaci a (many)

Lavatera assurgentiflora

* Ar but us unedo

Leucophyl | um frut escens

Ar ct ost aphyl os

*Lysi | oma t hornberi

Artem si a

Mahoni a

Caesal pinia gilliesii

*Mel al euca (nopst species)

* Ar but us unedo

Myopor um debi | e

Ar ct ost aphyl os

*Ner i um ol eander

* Can beconme a snal

tree.

Figure 19
Drought Tol erant Pl ants
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SHRUBS-cont.

PERENNIALS, BULBS, ANNUALS-
cont.

*Photini a serrul ata

Cort aderi a sell oana

*Pi tt osporum

Dudl eya brittoni

Pl unbago auri cul ata

Echeveria (nost)

Portul acaria afra Eri ogonum
*Prunus carolini ana Euphor bi a (nost)
*Prunus ilicifolia Eur yops

*Prunus |yonii Gaillardi a
*Puni ca granatum Iris, bearded

Pyracant ha

Iris (Pacific Coast Natives)

*Rhamus al at er nus

Kni phofia uvaria

*Rhamus crocea ilicifolia

Leonoti s | eonurus

Rhus ovat a

Leococoryne i xi ol des

Rosa rugosa

Mar r ubi um vul gare

Rosmari nus officinalis

M nul us

Sal via cl evel andi i

Nar ci ssus

Sol I ya heterophyll a

Perovskia atriplicifolia

Spartium junceum

Phl om s fruticosa

*Tamar i X

Phor m um

Tri chostenn | anat um

Portul aca grandiflora

*Xyl osma congest um

Puya berteroni ana

Rommeya coul teri

VINES

Sedum (nmany)

Bougai nvi | | ea

Si syrinchi um bel | um

Cissus trifoliata

Tithonia rotundifolia

Tecomari a cap